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THE PIimCIPAL FORMS OF THE SKELETON. 



Principles of Osteology.— The original subatance of ommola cousin of a 
fiuid with granulea and ceLU. In the caursa of development tubi^ar traota ar^ 
formed, eome of whicli become filled witk ^'noimno" or nervous matter; others 
with "myonino" or muscular matter j other portions ar© converted into glandular 
substance : a ^oat proportion of the rcat of tho primordial matter forma " cellular 
fiubstoncc." This substance, in many animals, becomes hardened, in ees-tain parts of the 
body, hy earthy salts* Wlien tlioae salts consist chiefly of plio^hate of limej the 
tissues c«lled " osteinc," or hone, and " dcntinej" or tooth, are constituted, betweai 
which the chief distinction lies in thts modo of arrangement of the earthy parti<dea, in 
relation to the maintenance of a moro or less free eircidation of the nntrient juices 
through such hardened or calcified tLssues. In bono certain canals are left, of a calibre 
sufficient for the passage of capillnry blood-yesscls through tho tissue. Still more minute 
tubes, sometimes expanding into ceU-liko cHYities, ara established for the slower per- 
colation of the eolourlcss fiuid of the Mood, caLcd ** plasma," or ** liquor sanguinis." 
In. true or hard dentino provision is made^ by fine tubes, for the passage of plasma 
through its substance ; but the red particles of the blood are exeludr^d. 

True ostcine and dcntitie are peculiar to the highest dlTidon or proyinoe of the 
Animal Kingdom, whiuh province has been termed " Vertchrsta/' from the prevalent 
disposition of the esaeoua matter in successive groups of moi*e or less conBuent bones 
called '* vertebriB." (From mrtOj I turn ; these being the parts on which the body 
bends or rotates,) 
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COMPOSITION OF BOKEB, 



Before cntermg xl^oji the dispo&itioii of the bony matter, a few words may be pre- 
mised, aa to tlie compoaitiou of that matter in the different elasaea of V«rte^ata* Tiieao 
ckfi^ea aio four :— Fishes, Eeptilea, Birds^ and MammaUj which lattsr ckas indndea 
thtj hair- clad beaeta, commonly called quadrupeda^ with the naked wbal^ and buroaa 
kind. Fighes havo the smallest proportion, biids the largiist proportioa, of the 
earthy nmtter in tbtir bonca. The ardmal part in all is chieliy a gelatinous substance. 

PnOPOETIONS OF lAILTHT OB INOEflANIC, ANH OF ANIMAL OB OfiGJ^MC, MATTES Ef 
TilS BONXa OF THE TEnTEBHATE AKIMALSi 



OrgaKic .... ,6^6^ 

laorganic 39 3S 



100-00 



Carp, 
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looog 
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Inorganic ^. 
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lOOW 


lOO-OO 


100-00 
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Bimm. 








Organle 


GfJose. 
...... .32'91 

67 09 




TttrliBj- 
30 49 
09-51 




Hawk. 
2672 
73-23 



10000 



100-00 



lOU-00 



From the above table it will be seen tliat the bones of the fresh-water fishes have 
more animal matter, and ara, confleqiicnlJy, lightct than those of dshcs £com the denaet 
dement of sea-water ; and that th© maxima mammal called porpoise differs Uttlc from 
the sea^fish in tJiia reapeet, 'I^be batTachian frog has more animal matter in it^ bonei 
than the ophidian or saurian r^ptilea, and thereby, as ia other rc^pects^ more rcaemblcs 
the fish. Serpents almost et^ual birds in the great proportion of the osseous ealtai and 
lience the density and iyory«like whiteness of their hones. 

Th0 chenucal nature of tho inorganie or hardening partides, and of tlie oi^gomo 
bask of bone^ is exemplified in the subjoined Table, including a speeiea of casih of the 
four daai^es of Terlcbrata : — 
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CHKMinAT* COUPimsiOll OF BOttW. 



Phosphate of lime, with trace of fluate 
of lime 


Hawk. 


Man. 


Tortoiae. 


Ck)d. 


64-39 
7-03 
0-94 

0-92 

2678 

0-99 


59-63 
7-38 
1-32 

069 

2970 

1-33 


62-66 
13-53 
0-82 

0-90 

8175 

1-84 


67-^ 
4-90 
2-40 

MO 

82-31 

2-00 


Carbonate of lime 


Phosphate of magnesia 


Sulphate, carbonate, and chlorate of 
soda 


Glntin and phondrin.. .....w *.. 


oa 




100-00 


100-00 


100-00 


100-00 



Bony matter is very yaiiously diq)08ed in the bodies of vertebrate animals. The 
sturgeon, the crocodile, and the armadillo are instances of its acoumulation upon or 
near the sur&ce of the body ; and hence the ball-proof character of the skin of the 
largest of these mailed examples. The most constant position of bone is around the 
central masses of the nerrous and vaacnlar systems, with rays thence extending into 
the middle of the chief muscular masses, forming the bases of the limbs. Portions of 
'bone are also developed to protect and otherwise subserve the organs of the senses, and 
in some species are found encasing mncns-ducts, and buried in the substance of certain 
viscera — as, e. g,^ the heart in the bullock and some other large quadrupeds. Strong mem- 
branes, called *' aponeurottc,*" and certainleaders or tendons, become bony in some a/m'mftla ; 
as, e, ^., the "tentorium" in the cat, the temporal fascia in the turtle, the leaders of the 
leg-muscles in the turkey, the nuchal ligament in the mole. Fig. 41, t«, and certain 
tendons of the abdominal muscles of the kangaroo, which, so ossified, are called the " mar- 
supial bones." Fig. 44. 

For a clear and intelligible view of the osseous system in general, it has become 
requisite to make a primary classification of its parts according to their prevalent 
position, as in the cases above cited. The superficial or skin-bones constitute the 
system of the " dermo-skeleton" (from the Greek derma, skin, and skeleton) ; the 
deep-seated bones, in relation to the nervous axis and locomotion, form the " neuro- 
skeleton" (Gr. neuron^ nerve, and skeleton), the bones connected with the sense-organs 
and viscera form the "splanchno-skeleton" (Gr. aplaffchnon, viscus, or inward part, 
and skeleton) ; those developed in tendons, ligaments, and aponeuroses, the " sclero- 
skeleton" (Gr. sclerose hard, and skeleton). These technical terms may seem harsh, 
and sound strange to those commencing the study of the structure of animals, but the 
most complex product of creation cannot be comprehended without terms expressive of 
the results of the classification and generalization of the manifold phenomena it ofiers 
to the contemplative student. 

In the arrangement of the parts of the dermo-, splanchno*, and sclero-skeletons, no 
common pattern is recognisable. One can discern a definite end or purpose gained by 
the positions those terms indicate of certain bony plates, cases, or rods, and the special 
relation of such to the habits and well-being of the creatures manifesting them ; but 
the diversity in the number, size, shape, and relative position of such dermal bones and 
visceral bones seems interminable. « 

The head of the sturgeon, Fig. 1, is defended by a case of superficial bony plates, 
d Zf d 7f d 11, &c., and the body by five longitudinal rows of similar plates — one 
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extending along the midrline of the ha&k^ dtf d»^ one along each iido of the bodvi 
<fjp, dp^ ft&d two along the \cQ.j, dh, 4h^ lietw^eea the flna calbd "pectoral," ^7^ and 



■ 




** ventral/' The obfleryationa of the Ichthyologist, or of those conc^jmcd in tie capture 
of the aturgeona for the sake of their air-bladder, of which the moat valuabk isinglsisa 
conAifits, show ua how well the external dcfenaiTe armour of these fishes is adiiptcd to 
their medo of life. The sturgeons may bo called the ecavengers of the great rivers 
which they frequent ; they habitually ewim low, and grovel along the bottom, tiiming 
up the mud and sand with their pig-like inout, testing the disturbed matter with 
thcLr fcelerSi 6, and feeding in shoab| on the decoroposing aniTrnil and vegetable sub- 
Btances which are carried down with the debris of the continents drained by thoso 
rapid cuircnti ; thua they are erer bttsied rBconyerting the Buhstaaces, which otherwise 
would tend to corrupt the ocean, into their own living organias^ matter. These fiahes 
are, therefore, duly weighted by a ballast of denae dermal, osa^ous plates — not scattered 
at random over their surface, but regularly arranged, as cYcry Bcaman tnowi how 
ballnst should b«, in orderly scries along the middle and sides of the body. The pro- 
teetion against the logs and stones hurried along their feeding«graunds, which the 
sturgeons derive from their platG*armour^ renders uecdleiis the ossification of the inune- 
diato co^e of the brain and spinal marrow, and consequently all the parts of the neuro> 
skeleton, eh, pi, «, hjj romaiii in the flexible, elastic, griatly state ; the weight of 
Hiii d&rmoakeletou req^uiiiug that the other systems of the dceleton should be kept ae 
light as might be compatible with its defcnsire and sustaining functions. This view of the 
final purpose of the dermal bony plates in the existing sturgeons afforcb some insight into 
the habits and conditions of existence of tJio similarly mailed extinct fishes which 
abounded in tho aeas of the secondary periods of the geological history of this planet. 
In most of theae fi^ies, as m tha iturgeons^ the dermal bones aro coated cxtcmiilly 
^ith a much harder material, resemhling enuael, and such fishes have accordingly 
been termed "g^^nold," from the Greek word "ganos," signifying brightness. The 
ganoid plates in those c^inct &shes are usually more close- set, overlapping each othi^f 
and being fastened together likt? tiles, by a peg of one entering a socket in the nntt, 
and reciprecally. Only two genera of fiahcs are now known to exhibit this hcautifEil 
arrangement of tiie dermal bonea, viz., the pQlypterus of the Xile, and the lepidovlt^ttn of 
the Ohio, and other great nTcrs of North America. 
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In thft MTnadLllo the deniwl bone^. Fig. 2^ <>&, ura small, polygonal, usually five- ot 

eiE^^atded^ ainooth ou thcix iuuer eurfaciQ^ 
widcli rcfita ou the soft eubeutaneous Ittyor 
of GeHulur tieauc, Tiuioufily sculptured du 
the QTjtor and orpo&ed side^ but with a 
pattern constant in, and characteristic of^ 
eadi apcciea. They are united together at 
thfiir thick nmrgins hy rough or *^ autural" 
inir&&GS, and Teaemble a t«flBelIated pavfr- 
men! The trunk is ^xjitected hy it l^rge 
bucldor of this bony armour ; the head is 
defended hy a casque of the same ; and 
the tail is encased in & sheath of Eimilar 
interlocked ossicles. To allow uf the re- 
quisite mUYcmcntg of the trunk in tha 
small existing armadillos, which, when 
attacked, roll thcmjiclyea inteahall, from 
three to nine transverse Towa of the dt'rmal 
hones, hhfX^ int^erposcd, having a yieldiiig elastic junction with eofJi other, and with 
the antcriort o o^ and posterior fi^ed, and larger, parts of the tnmk-arrnour ; and hy this 
modi&catioii the head and limha can he withdrawn beneath the armour^ when if^ porta 
arc pullsd together by tli^ strong aut^neous muscles into a hemispheric form. In, 
Stjuth America, to which contLuent the armadillos are peeuliar, remains of gigontio 
quadrupeds, similarly defended, have heen discovered in tie more recent tertiary 
deposits ; but m thc^e colossal armadillos {Olpptodon) the trunk* armour was in one 
immovable piece, covering the ba^k and sides, and was not divided hy bands. Besides 
the defence whitjh Buch a modification of the intcgutnents would afford against the 
attacks of predatory atiimala, the armadillos and glyptodons habitually frequenting 
the great forests of South America may have been protected by the same hard^ arched 
covering from falling timber, 

Such arc some of the inataness of the atmcturc and u^s of the dcrmoBkeleton in 
the vertebrats province. The development of this system of the skeleton is not 
dependent on the grade of organization, for we iind it in the highest and in the lowest 
classes ; nor does a great amount of osseous matter in the skin neceasarily involve a 
small amount or absence of the same matter in the deeper-^seated skeleton ; for aU tho 
parts of this gystem of bones, Sf f, rf, w, fi** are as wdl developed and as weU ossified in 
the armadillos as in the quadrupeds which are covered by hair. The dilfcrent states of 
the nouroskeleton in the sturgeon and armadillo are eiplicable only with reference to 
the di^orent medi^ and other conditions under which the two vertc^hmtcs were destined 
to exiat. 

In no speoea and in uo system of tho skeleton are hones a primsry formation of tho 
animal : they are the result of trajismutations of prCi-existing tiesuef, as aubstauces 
composing animal bodies— ^.^., nerve, muscle, membrane, &^. — are called. The inorgtmic 
saltSi defined in tho tabular view of the composition of bone, pre-e^^ist in tho blood, in 
tho albumen of the egg of the oviparous vcrtehrates, and in the milk which nouriihes 
thfl new-bom mammal. 

The primitive basis, or ^'blastema," of bone is a snbtranaparent glairy matter^ 
containing a multitude of minute corpiiaeles. It progresaively acquires increased 
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iirmne8B-''0ometimei assumes a membranous or ligamentous stste, Sometimes a gristly 
state, before its oonvorsioii into bone. Its assumption of the gristly state is attended 
by the appeoranoe in it of numerous minute nucleated cells. * As the gristle or *' car- 
tiiage" hardens^ these cells increase in number and size, and are aggregated in rows at 
the part where ossification is about to begin. These rows, in the cartilaginous basis of 
long bones, ore yertioal to its ends—in that of flat bones they are vertical to the peripheral 
edge. The nucleated cells are the instruments by which the earthy particles are arranged 
iu order ; and in bone, as in tooth, there may be disoemed, in this predetenmned 
arrangement, the same relation to the acquisition of strength and power of resistance, 
with the greatest economy of the building material, as in the disposition of the beams 
and colimins of a WOTk of human architecture. 

Osteine, so formed, is arranged in thin plates, concentrically around the Tascular 
canals, around the entire circumference of the long bones, and in intennpted plates, 
connecting together the walls of the vascular canals, so as often to give rise to a reticu- 
lar disposition of the bony substance. 

In fishes the bones continue to grow throughout life, and their periphery, whether 
in the flat bones of the head which overlap each other, or the thicker bones that inter- 
look, is cartilaginous or membranous, and the seat of progressive ossification. The long 
bones of most reptiles retain a layer of ossifying cartilage beneath the terminal articular 
cartilage ; and growth continues at their extremities while lifs endures. Some of the 
long bones in frogs, birds, and most of those in mammals, have their ends distinct from 
the body or shaft of the growing boixe, these separately ossified ends being termed 
*^ epiphyses :" the seat of the active growth of the shaft is in a cartilaginous crust at the 
ends supporting the epiphyses ; when these coalesce with the shaft, growth inthedirec-' 
tion of the bones' axis comes to an end; but there is a slower growth going on over 
the entire peripheiy d the bone, which is covered by a membrane, called the *' perios- 
teimi." In this membrane, the vascular system of a bone, except the vessel supplying 
the marrow*cavity, undergoes the amount of subdivision which reduces its capillaries 
to dimensions suited fbr penetrating the pores leading to the vascular canals. 

Thus bone is a Hviag and a vascular part, growing by internal molecular addition 
and change, and having the pcrwer of repairing fracture or other injury. Tlie shells 
and crusts of molluscous and crustaceous animals are unvascular ; they grow by the 
addition of layers to their circumferenee, may be cast off when too small for the growing* 
body, and be reproduced of a more oonfarmable size. When fractured, the broken parts 
may be oomented togetiier by newly superadded sheU-substance from without ; bat are 
not unitable by the action of the fraetnred surfaces frx>m within. 

Extension of parts, however, is not the sole process which takes jdace in the growth 
of bone; to adapt a bone to its destined office changes are wrought in it by the 
rSmoval of parts previously formed. In fishes, indeed, we observe a simple unmodified 
increase. To whatever extent the bone is ossified, that part remains, and conseqtiently 
most of the bones of fishes ore solid or spongy in tiiieir interior, except whe^ the ossi- 
fication has been restricted to the smHhce of the primary gristly mould. The bones of 
the heavy and sluggish turtles and sloths, of the seals, and oi the whale-tribe, are soUd. 
But in the active lamd quadrupeds, the shaft of the long bones of the limbs is hoUoWy 
the first fiusied osseous substance being absorbed, as new bone is being deposited from 
without The strength and lightness of the limb-bones are thus increased after the wdl- 
known principle of the hollow column, which Galiko, b^ means of a straw picked up 
from his prioon floor, exemplified, iniefutation of a charge of Atheism brought i 



nmucrcKE <v bovcs di oiffkeemt rffiBiniT le? 




of ludiy fHHriiTly tiiOM of poweifid flic^hiy an 

batiteqmititjm sdj si^cm tene is WBOth lem,i^ most nhairatfe 
r Imoi^ tneedfale &iDi4^ioiit Ae dceleiaa of Inds n ^ 
mteatci^ewwi^KbfmutaiaL Tfaai^ in tibe long Imbo, tte csrifies aaalogoas to Aom 
called ^mednllarj^ in beaita, aze more capicioiu, and their walls «te mndlL iMnaaai * 
kiy ^gtnie, called tte**fB<wmatirfaanMP," near one cad of tlie bone, oooDDani- 
cslef witk iti jntprior, and an air-cdl, or p rafa a gat i o n of tibe hmg^ ia cnntiinifd into 
and liaoi the eavi^ of liie boaey iHtic^ ia liou filled with nic£ed air ina 
Hm CTUfiiiiUf of audi air-lMDea praaeat a lig^ open net-wodc, i 
iny acwwi in dilia g at di rw i i ona feom wall to wall, and tlieae littlo < 
hoOow, 

The fonaona beak of the hombill, wiueliaeepifl at fint aigjit to e dnrtiintp ao gzare 
an impediBMnt to fiig^ finna one eaocmoiia air-edl, with yery Uiin bony walls ; and 
in iiua bird, in the awifia, and the hnmming-birda, ewerj bone of the okdeton, down to 
the hut jointa of the toea,ia permeated bj hot air. The opposite extreme to the abore 
me m beiB of the feathered daesia met with in the teuestzial apteryx ( w iiigl ia i bird of 
New Zealand), and in the aqpiatic penguin; in both of which, not any bone of the akele- 
toa. reeeirea air. Intermediate gradataons in the extent to which the skeleton is per- 
meated by air oocnr in different bird% and in rdatiyepnqpoitiim to their di^B^^ Ichids 
and power of m^st, 

la the mammalian class, the air-eella of bone are eonfined to the head, and are 
ffDed from the earitiea of the nooe (HT ear, not from the hmgs. Such cells are ^^Hed 
^ frontal ainnaea," '^antmm," *<^henoidal" and '< ethmoidal mnnaea" hi man. The 
frontal ainnaea extend badkwards over ^ae tap of the aknll in the mminant and some 
other qnadntpeda, and penetrate the oocea of the boms in oxeo, sheep, and a few 
antelopea. The most remarkable development of air-cells in the Tn«niTn«ii'nT» class is 
presented by the elephant; the intelleetual physiognomy of thia huge quadruped being 
caused, as in Ibe owi, not by the actual capacity of the brain-case, but by the enormous 
extent of the pnenmatie ceUular str ucture between the outer and inner plates of the 
ikalUwalls. 

In all these Tsried modifications of the osseous tissue, the caTities therein^ idiether 
men canoelli, or small medullary cavities as in the crocodile, or large medullary 
oavitSea as in the os, or pneumatic cavities and sinuses as in the owl, are the result of 
secondary changes by absorption, and not of the pximitive coDstitution of the bones. 
These are solid at their eommencement in all classes, and the vacuities are established 
by the removal ot osseous matter previously formed, whilst increase proceeds by fresh 
bone being added to the exterior surface. The thinnest-walled and widest air-bone of 
the bird of flight was first solid, next a marrow bone, and finally became the case of an 
air-eeU. The solid bones of the penguin, and the medullary fsmnr of apteryx, exem* 
plify arrested stages of that course of development through which the pnenmatie wing- 
bone of the soaring eagle had previously passed. 

But these mechanical modifications do not e:(haost all tho changes .through which 
the parts of a skeleton, ultimately becoming bone, have passed : they have, been pre- 
viously of a fibrous or of a cartilaginous tissue, or both. Entire skeletons, and parts of 
skeletons, of vertebrate animals exhibit arrests of these early stages of development ; and 
this quite irrespective of the grade of the entire animal in the zoological scale. Ihe 
capsule of the eye-ball, for example, in man, is a fibrou9 membrane ; iu the turtle, it is 
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griBde ; in the taimy, and most other fishes, it is bone. The skeletal framework of 
the littLe lancelet-fish (Branehiostoma) does not go beyond the fibrous stage of tissue* 
change.* In the sturgeon, skate, and shark, it stops at the gristly stage, and hence 
these fishes are called *' cartilaginous." In most fishes, and all air-breathing yerte- 
brates, it proceeds to the bony stage, with the subsequent modifications and develop* 
ments above recited. 

The main part of the skeleton — ^what may be termed the skeleton proper— <»>nsist8 
of the neuroakdeton ; and it is in the construction of this system that the most interest- 
ing and beautiful evidences of unity of plan, as well as of adaptation to end, have 
been discerned. The parts of the neuroakeleton are arranged in a series of segments^ 
following and articulating with each other, in the direction of the axis of the body, from 
before backwards in brutes, from above downwards in man. 

Each complete segment, called " vertebra," consists of a series of osseous pieces, 
arranged according to one and the same plan (Fig. 3), 
viz., so as to form a bony hoop, or arch, above a central 
piece, for the protection of a segment of the nervous axis, 
and a bony hoop, or arch, beneath the central piece, 
for tibe protection of a segment of the vascular sys- 
tem. The upper hoop is called the neural arch, N (Or. 
neuron, nerve) ; the lower one, the '^ heemal arch," H (Gr. 
haima, blood) ; their common centre is termed the *^ cen- 
trum," e (Grr. kentron, centre). The neural arch is farmed 
by a pair of bones, caUed " neurapophyses," n n (Grr. for 
nerve and apophysis, a projecting part or process) ; and by 
a bone, sometimes dell or bifid, called the *' neural spine," 
na; it also sometimes indudes a pair of bones, called 
"diapophyses," dd (€rr. dia, across, or transverse, and 
apophysis). The heemal arch is formed by a pair of bones 
called " pleurapophyses," pi (Gr. pieurony rib, and apophy- 
sis) ; by a second pair, called " hssmapophyses," h (Gr. 
for blood, and apophysis) ; and by a bone, sometimes bifid, 
called the '^ haemal spine," hs. It also sometimes includes 
parts, or bones, called "parapophyses" {Gr, para, trans- 
verse, and apophysis). Bones, moreover, are devdoped, 
TTPioiu. ▼xRTXBBA..~(ii>xAL.) wMch dlvcrgo as rays, from one or more parts of a vertebra. 
The parts of a vertebra which are developed frt>m 
independent centres of ossification are called " autogenous ;" those parts that grow out 
from previously ossified parts are called *' exogenous ;" the autogenous parts of a 
vertebra are its '* dements," the exogenous parts its *' processes." No part, however, 
is absolutdy autogenous throughout the vertebrate series, and some that are exogenous 
inmost are autogenous in a few instances. The line cannot be strictiy drawn; and, 
in classifying the parts of a vertebra, as of other parts of animals, or of entire ii.nim«|la, 
the systematist must be guided by general rules, to which there will ever be some 
exceptions. 

The dements, or autogenous parts, of a vertebra are the centrum, e, the neurapo* 




* The doctrine or stadf of this kind of developmeiit-~the development of substance and teztore, 
as contradtstingnished from that of size and shape— is now termed ** Histology," from the Greek 
histoMf net or tiMue, and togoi, a doctrine or diseourae. 



TYPICAL SEGMENTS, OB VEKTEBR^. 



169 



physes, n, thfi neural spine, fM, the pleurapophyses, ply the hsBmapophyses, h^ and the 
hasmal spine, ha. The exogenous parts are the diapophysis (Fig. 5), d, the parapophy- 
sis (ti.) Py the zygapophysis (Fig. 6), z (Gr. zugos^ junction, and apophysis), the 
anapophysis (Fig. 2), a (Gr. ana^ hackwards, and apophysis), the metapophysis {tb.\ m 
(Gr. meta^ hetwoen, and apophysis), the hypapophysis (Fig. 5), y (Gr. hypo, below, 
and apophysis), and the epapophysis (Fig. 4), e (Gr. epi^ above, and apophysis). Of 
the autogenous parts, the neural spine is most commonly exogenous; of the ex- 
ogenous parts, the parapophyses, diapophyses, and hypapophyses are sometimes 
autogenous. 

Yertcbr® are subject to many and great modifications — e. ^., as to the number of the 
elements retained in their composition, as to the form and proportion of the elements, 
and even as to the relatiye position of the elements ; but the latter modification is never 
carried to such a degree as to obscure the general pattern or type of the segment. 
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Sometimes, as in the example (Fig. 4) of the third segment of the human 
skeleton, the neural arch, K, is much expanded, the haemal one, H, is contracted ; and, 
in the expanded neural arch, the autogenous diapophyses, ^^, are wedged between the 
neurapophyses, tt, and the enormously expanded neural spine, ns. More commonly, 
as in the example from the raven's thorax (Fig. 5), the heemal arch, H, is much 
expanded, the neural one, N, contracted ; and in the expanded hssmal arch, the para- 
pophysis, j9, here exogenous, is wedged between the centrum, C, and the pleurapophysis, 
pU Sometimes, again, as is exemplified in the tail of the crocodile and of many other 
animals, both neural and haemal arches are alike contracted ; the pleurapophyses, pi, 
being excluded from the latter, and standing out as continuations of the confluent 
diapophyses, d, and parapophyses, p. Such vertebrae deviate but little from the ideal 
type of the vertebra, imder its less developed condition, as in Fig. 6. The segments 
are commonly simplified and made smaller as they approach the end of the vertebral 
column or axis, one element or process after another is removed, until the vertebra ig 
reduced to its centrum, as in the subjoined diagram (Fig. 7), of the archetype verte- 
brate skeleton. ' In this scheme, which gives a side view of the series of segments or 
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vGTtebrsa, the nature oi the principal modiBm- 
tionB to whidi they are subject are Indic^itgd, at 
the twe extremes ef the eenes. 

Ab the four anterior divbiona of th& great 
tnwdc of the nerrous system ojc eaUed, oolloc- 
tirely, '* brain," so the four correspotiding ee^- 
nieuta of the oaacoua system are called ^* akull/' 
The head, thia-eforo, ia not otherwiao a re^poti- 
tion of the trunk, than in so far aa cacli seg- 
mentof the akull ia a repetition or ** homol^o" 
of every otker segment of the body ; eaeh being 
Bubject to modifications which may give it 
an indiTidual character, without obliteratiag 
its tj-pical fentiirca, So neither arc the ^* artna" 
and "legs" repeated in the head in any otbiir 
Bense than as the cranial veitcbrBe may retain 
their ** diverging appendage^" 25 , 37 ^ 44, 53, a. 
The fore^limb^ are actually Buch appendages, 
63, of the oeeipltal vertebra, 1, 3, 2, 51, 52, 59, 
which appendages undergo modifioadons dosely 
analogous to those of the appenda^a of the pel- 
vic aegment, or ** lund Utnba," 65. And inoamuch 
aa in one class the pelvic appendages, with their 
stipporting hoemsl arch, 63, A*, aro detached 
from the rest of their segment^ and subject 
to changes of position (fig. 9), 63^ 30 ; so also 
in other classes iha appendages of the occipital 
segment are liable to be detached, with their 
Buataiiung haamal arch, and to be tranaported to 
various tiktances from their proper centrum 
and neural arch, as in Fig. 21, K09. 51, 5$f 57. 

The four anterior neurapophyses, 14, 10, 6^ 
2, give ijsue to the nervea, the terminal modi- 
flcationsof which eou^tute the organs of special 



The first or foremost of these is the organ 
of smell, 19, always situEited immediately in 
advance of its proper segment^ which become? 
Yaiioualy and ext^nsiYoly modi&ed to inc^OQO 
and prott?ct it. 

The second ia the organ of sight, 17, lodged 
in a cavity or " orbit" between its own and the 
naaal segmenti hut here indicated above that 
interspace. 

The third is the organ of taste, the nervo 
of which parfisratcs the nourapophyais, 6, of 
its proper segment, called "parietal ver- 
tebra,*' ox passes by & notch between this and 
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the neurapophysis, 10, of the frontal yertebra, to expand in the organ, which is always 
lodged below, in the cavity called " monlii," and is supported by the h»mal spine, 
41, hs, of its own vertebra. 

The fourth is the organ of hearing, 16, indicated above the interspace between the 
neurapophysis of its own (occipital) and that of the antecedent (parietal) vertebra, in 
which it is always lodged ; the surrounding vertebral elements bieing modified to form 
the cavity for its reception, which is called " otocrane." The jaws are the modified 
haemal arches of the first two segments. 

The mouth opens at the interspace between these heemal arches ; the position of the 
vent varies (in fishes), but always opens behind the pelvic arch, S, 62, 63, p, when this 
is ossified. 

Outlines of the chief developments of the dermoskeleton, in different vertebrates, 
which are usually more or less ossified, are added to the neuroskeletal archetype ; as, 
e. ^., the median horn supported by the nasal spine, 15, in the rhinoceros j the pair of 
lateral horns developed from the frontal spine, 11, in most ruminants; the median 
folds, Di, Dn, above the neural spines, one or more in number, constituting' the 
" dorsal" fin or fins in fishes and cetaceans, and the dorsal hump or humps in the 
buffaloes and camels ; similar folds are sometimes developed at the end of the tail, 
forming a " caudal" fin, 0, £y|d beneath the haemal spines, constituting the " anal" fin 
or fins. A, of fishes. 

The different elements of the primary segments are distinguished by peculiar 
markings: — 

The neurapophyses by diagonal lines, thus — ///// 

The diapophyses by vertical lines — I 

The parapophyses by horizontal line*— ^^ 

The centrum by decussating horizontal and vertical line&— : 

The pleurapophyses by diagonal lines — VyO\ 

The appendages by dots — ] [ [ ] \ 

The neural spines and haemal spines are left blank. 

In certain segments the dements are also specified by the initials of their names :—> 
m is the neural spine. 
n is the neurapophysis. 
pi is the pleurapophysis. 
e is the centrum. 
h is the hsemapophysis, also indicated by the Nos. 21, 29, 

44, 52, 58, 63, 64. 
ha is the haemal spine. 
a is the appendage. 

The centrum is the most constant vertebral element as to its existence, but not as to 
its ossification. There are some living fishes, and formerly there were many, now 
extinct, in whicb, whilst the peripheral elements of the vertebra become ossified, the 
central one remains unossified ; and here a few words are requisite as to the develop- 
ment of v^rtebrsB. 
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Tte central bftsia of the nfluroflkeleton k laid down m tlic embryo of cYery Ycrtebrat© 
ualmiil^ &3 a mor^ or lesa cjlindncal £bri>ua ahcatk, MLed with simpio celb caxLtaining 
jelly. This fibn)-ccllalo-gelatmoiia colunm is callod ** notochord^'* Fig, 1, cA (Gr. miQ9j 
back J c^r^Ji> cord; in Latin, **chordai dorBoHs")* Th& centrums, or *' bodies of the 
Terlebree," aa antbropotomiats call them, are developed in and from tile notochord. The 
b^es of the other olcmcnts of tJxe TertQbra are laid down in fibroua bami^j diverging 
&am the uotochord, and giving the first indicatioii of the eegmtntoi character of the 
etoletoiL, At this stage the skek^ton of the little fish called " lancelet*' (Jmphto^eus 
tametihius) is arrested. These £hrou3 bands arv next converted into caitilage, and the 
cartilage is in definite pieces in caiih segment, recognisable aa '* ncm^apophysegi" (Fig, I), 
n; " pleu.rapophy&ea" {i^-\pli *' neural ^pine" {ib.)^ ?ji5— the centrums still remaining in 
their primitive atate aa the undividod note chord {ih.)^ ch. At tMa stage the ekeleton of 
the fltnrgoon is arrested. The peripheral elements may be converted into bone, the 
central ones remaining aa notoehord, as in the protoptcrua, the lepidoMren, and many 
fosAil fishes. Eut, more commonly, the next stage is the subdivision of the notochord 
into a series of separate centrums, corre-sponding with the pairs of neurapophya€3 and 
pleurapophyse^^ — ossidcation of all the paiis being more or less imper^t, as in tho 
ahorka and raja, which have thence been called " cartilaginona fiBhea," When the 
parts of the vertebr*^ have bocome more completely ossified, ^ 
in ih& fiahes called ** osseous,'^ oa^cation is rarely ao advanced 
aa in the higher vertebrata. In most of these fishea, «. g,^ a 
deep cavity ia left at each end of the centrum (Fig. 8)| ue, 
which cavity continues to be occupied by the liquefied gelati- 
nous remains of the prlmttiTe notochord ; and tiie character- 
istic of Buch element in a fish's skeleton isj that it is 
** biconeave." Of the minor amount of the earthy matter in 
the ossified parts of the skeld;on of fishes, mention haa been 
, already made ; and the consequent greater flexibility and 
elasticity of such bones niay be readily tested by whoever 
will bend one of the long spines in the skeleton of a cod or turbot, and contrast its 
flexibility with that of the ainiilarly-Bhaped long and slender bone {puhis^ m: ^hnia^ '■ ^■)^ 
which he may find in the Christmas turkey that follows in the feast. 

Two or more contiguous vertebrse are frequently subjected to the Bsme kind of 
modiflctttianj either by way of eicesa or defect, and such groups of Trtodifted segments 
havo reeeivisi special names ; such, for example, as '* skull" {sranium)^ " neck" {t^r^ix)^ 
"chest" (iAa/*^, "pelvis," and "tail" {caud^)\ and these terms are rftciprocaDy 
applied, when modified as adjectives, to the individual vertebrw bo grouped together, 
and which ate called " cranial vertebras," ** cervical vertebrro," " dorsal" or " thoracic 
vertebra}," *' sacral" or "pelvic vertebros/' and " caudal vertehrm." 

Skeleton of tlie Fish« — In all fishes the extent of ossification is less than in 
the higher vertebrate classes. Only in the skull do we find all iho olemcnts of the 
typical segment repreacntod by bone. In the trunk, e, ^,, the hsEmapophy^s and 
haemal spines never advance beyond the fibrous stage of tissue development. 

Pour segments enter into the composition of the akuU of fishes, answering to the 
first four in the arahetype (Fig. 7), and they combine to constitute the hony framework 
of a bead, laj'gcr in proportion to the tnmk than in any other class of animals. The skull 
(Fig, 9), % 52, ^r, forms a cone, whose base is vertical, directed back wards, and joined 
to the trunk without an intervening neok^ and whoafi rades are commonly three in 
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mimber, one superior, and two lateral and inferior. The cone is shorter or longer, 
more or less compressed or squeezed from side to side, more or less depressed or flat- 
tened from above downwards, with a sharper or blunter apex, in different species 
of fishes. The base of the skull is perforated by the hole, called " foramen magnum," 
for the exit of the spinal marrow ; the apex is more or less widely and deeply 
deft transversely by the aperture of the mouth ; the eye-sockets or " orbits," or, are 
lateral, large, and usually with a free and wide intercommunication in the skeleton ; 
the two vertical fissures behind are called " gill-slits," or branchial or opercular aper- 
tures, and there is a mechanism, like a door, 34, 35, 36, for opening and closing them. 
The mouth receives not only the food, but also the streams of water for respiration 
(indicated by the arrow, ir), which escape by the gill-slits. The head contains not only 
the brain and organs of sense, but likewise the heart and breathing organs. The inferior 
or '* hsemal" arches are greatly developed accordingly, and their diverging appendages 
support membranes that can act upon the surrounding fluid, and are more or less employed 
in locomotion : one pair of these appendages, P, 57, answers, in fact, to the fore-limbs 
in higher animals, and their sustaining arch, 51, 52, in many fishes, also supports the 
homologues of the hind-limbs, Y, 69. Thus brain and sense-organs, jaws and tongue, 
heart and gills, arms and legs, may all belong to the head ; and the disproportionate 
•ize of the skull, and its firm attachment to the trunk, required by these functions, are 
precisely the conditions most fftvourable for fSEu;ilitating the course of the fish through its 
native element. 

It may well be conceived, then, that more bones enter into the formation of the 
skull in fishes than in any other animala j and the composition of this skull has been 
rightly deemed the most difficult problem in Comparative Anatomy. '*It is truly 
remarkable," writes the gifted Oken, to whom we owe the first clue to its solution, 
" what it costs to solve any one problem in Philosophical Anatomy. Without knowing 
the what, the how, and the tohi/j one may stand, not for hours or days, but weeks, before 
a fish's skull, and our contemplation will be little more than a vacant stare at its 
complex stalactitic form." 

To show what the bones are that enter into the composition of the skull of the fish ; 
hoWf or according to what law, they are there arranged ; and why, or to what end, they 
are modified, so as to deviate from that law or archetype, will next be our aim. 
These points, rightly understood, yield the key to the composition of the skull in all 
vertcbrata, and tiiey cannot be omitted without detriment to the main end of the most 
elementary essay on the skeletons of animals. The comprehension of the description 
will be facilitated by reference to Figs. 7 and 9 ; and still more if the reader have at 
hand the skull of any large fish. 

In the cod {Oadus morrhua *), e. g., it may be observed, in the first place, that most 
of the bones are, more or less, like large scales ; have what, in anatomy, is called the 
" squamous" character and mode of union, being flattened, thinned off at the edge, and 
overlapping one another ; and one sees that, though the skull, as a whole, has less free- 
dom of movement on the tnmk, more of the component bones enjoy independent move- 
ments. Before we proceed to pull apart the bones, it may be well to remark, that the 
principal cavities, formed by their co- adaptation, are the " cranium," lodging the brain 
and the organs of hearing ; the " orbital," Fig 9, or, and the " nasal," nl, chambers ; 
the buccal and branchial canals, hr. Some of these cavities are not well defined. The 

• The skull of this fish, conveniently prepared for this examination, may be had of Mr. Flower, 
No. 22, Lambeth Terrace, Lambeth Koad. 
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exterior of the ^ull ia trfl.Tericd bj ^v& longitudinal cri^ts^ iDt{3rcepUng four diaiiikela 
trliich lodge the begiimingB of tLe 



great muscles of the upper lialf 
of the tmuk^ The mediun crtat 
is developed to au extreme li eight 
in som© iihoB, as^ e* ^.^ the dol- 
phin and light -horgemaii fish 
{Ephippui}. The flat-fish m (tut- 
hot, Aokj &c.) are renmrktihle for 
the imsynmietrical cihaiiuit(Mf of 
the skuHf in oonaequenco of both 
eyes being placed on one aido of 
the head. 

In the analysis of tho Giiil'B 
akull it ia beat to begin at the 
back pait; for the segmenta of 
the skeleton dcTiate most fmm 
tlie fljchetype as they recede in 
position towards the tir o extremca 
of the body. Aft^^r a little prac- 
tice one succeeds ia detaching the 
bonea whioh form the back part 
or haac of the conical akull, and 
whioh ituinediatGly precede and 
join those of the trunk; we thus 
obtain a *' HOgment*' or " yerte- 
bm*' of the skull. If we next 
proceed to eeparato a little the 
hones composing thia ficgmcnt^ 
we find those that were most 
closely interlocked to be in nmn- 
ber and arrangement as fol- 
lows : — Two Einglo and aymme^ 
trical bonea, and two puim of 
unaynunotrical bone«^ forming a 
circle i or^ if the lower symmetn- 
cal bone, which is the largeEt, 
he Tcgarded aa the haac, the other 
five form an arch aupported by it, 
of which the upper symmetiiad 
bone IB the kcy*gtone.* This 
anawcrs to the *^ neural" arch of 
tho typical Tertebra: tho base- 
bone ia tho **ceiitnm^" i;; the 
pair of bonea, whiii articulated 
with ita upper enrfaeo and pro- 

• See my work *' OathP ArchetTpo of 
the SJ£ekic«i/» STCjj 1*48, p. lO.Piff. 1. 
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t^ctcd the Mud diTisioa of tie bram, fOTm the ** iiGtmi|Kjp!iyge8,** n ; ttie amftller 
pair of honea, projecting outwards, like tnmsvers© procesBes, are the "diapopKy- 
scfl,*' (f; the ajmTTietricaX bone compietiiig the archj and tenninating ahove in n long 
cneat or flpine, ia tlie *< neural flpine," ft*. It will he oheerved that the ctntmni ia con- 
cafe at that snrface which articulates with the CGntnim of the first vertebra of the 
tnmk : tbe opposite mir&ce ia also concayei hut expanded and Tery irregular, m order 
to effect a much finner ujcuou with the ceutrum of the next cranial segment in adYffucfi 
— ^eat strength and flsity heiug requured in thia part of the skeleton, instead of the 
mobility and elasticity which is needed in the vertebral column of the trunk. It may he 
alao observed that the " neurapophysea" are perforated, like moat of those in the trunks 
iiyt the passage of nerves ; that the diapophyflea give attjudmient to the bones which form 
the ^rcat inferior or hsemal arch ; and that thje neural apine retains much of the shape 
of the parts so called in the trunk. Neverthelessj the elements of the neural arch of 
this hindmeat segment of the akuU hava nodergone bo much development and modi^ca- 
tion of fihflp(*j that they have received apscial names, and have been enumerated as 
KJ many distinct and partioular bones. The centrum, No. I^ is called " baaioceipital j^' 
tlie neurapophyacs, No. 2, " exoccipitals ;" the neural apine, No. 3, " supcroccipital ;" 
flie diapophyses, No. 4, *' paroccipitals." In the human skeleton aU those parts are 
blended together into a mass, which is called tho *^ occipital bone/' 

The entire segment, here disarticulated, in the cod-fi^, is called the ** o<3oipital ver- 
tebra/' and in it we have next to notice the widely-e^anded inferior or h^mal arch. 
This consists of three pairs of bones. The first pair are biftiroate^ and have two points 
of attachment to the neural nrcb, the lower prong, answering to what is called the " head 
of the rib," abutting upon the neurapophyais \ the upper prong, aiifiwering to the 
" tubercle of the rib," ortieulating to the diapophysis. The second pair of hones aro 
long aad slender, and represent the body of the rib. The first and Becond piece tojg^ther 
answer to the element called " plcurapophyais ;" tho third pair of hones are the '* hipma- 
pophyseg ■" these support diverging appendages consisting of many bonea and rays* 
The special names of the above elements of the h^mal arch of the occipital vertebra 
arc, firom above downwards, " supraacapula," No. 50 ; *^ scapula," No. 51 ; " coracoid," 
Ko, 52. The inverted arch, so formed, encompasaea, support-s, and protects the heart 
or centre of the haemal syatem ; it is colled tho ** acapular arch.*' There are animals — 
the gymnothorox and Blow-wornij f . ^.— in which this arch supports no appcndagia j 
t^€(re are fishes — iht prot^pterm, e.ff\, Fig. S2 — in which it supports an appendagG In the 
form of a single many-jointed ray, retaining the archetypal character, Fig. 7» No. 63, In 
other fishes, the number of rays progreadvely increase, until, in thoao called " raya " 
par e^^lknce^ they exceed a hundred in number, and are of great length, forming the 
chief snd most conspicuous parts of the fish. The more common condition of the 
appendage in qnestion ia that exhibited in the epecies iigured, Cut 9. So developed, it 
ia called in Ichthyology the " pectoral fin :^' otherwise and variously modified in higher 
animals, tiie aame part becomes a fore-leg, a wiug , an arm, and hand* Some of the 
special names, originally applied to the parts of the scapidar appendage in man, axo 
retained and applied to like parts in the pectoral fin of the fish* Of the two flat bones 
connecting the fin with the coracoid, the upper one is the "ulna," No. 54 ; the lower 
one the ** radius " No* 55 ; the row of abort bones joined with these are the '* carpois " 
No. 66; the longer and more dender many-jointed rays answer to the parts callt?d 
" metaearpala " and *^ phalanges" in the human hand. In the salmon there is a bone 
answering to the arm-bone or humerus, which is articulated to the middle of ibe back 



176 



PARIETAL BEGMENT» OB YERTEBRA. 



p&rt of 1he comcoid b^ a tmn^vfxael j clDiigated Qstrendty, It is also expanded a.t ih6 
distal end^ where it articulates hj cartUago with tho ulna, and radius^ The ulna ia a 
gemicircular pl^ts of bone perforatEd in the centra, and, besides its articulutloti ^itb the 
humcnis, the radius, and the ulnar tarpals and raetacarpal ray, it also direcliy joins the 
broad coraeoid The radiiia, after espandJug to nnite with the humerus^ the ulna, and 
the radial earpaLa, sends a long and broad procesa downwarda and inwanda, TpMch is 
united by ligament with its fellow and with the lower terminatioii of the coracoid, 
A basis of adequate extent and firmnesa is thus injured for the support of th(^ pecitoral 
fins. Th& eiurpd bones of these £ns are four in number^ progressively increasing in 
length from the ulnar to tho radial side of the wnsL The metaearpo-phalan^al rays 
are thlrtei^n in number i the uppemuiit or idiiar one being the strongest, and artiaulating 
directly with the ulna. 

Proceeding to the next segment^ in advance, in the eod^fiab's ^ull^ we find that the 
bont^ which articulated with 1h.Q centmin of the oecipit^ segment is continued forward 
beneath a groat proportion of the skull* In quadrupeds, however, the coTFespotndlng 
part of the base of the skull h occupied by two bones ; and if the single long bone in 
the fish be sawn across at the part where the natural suture exists in the beast, we 
have then little ditiiculty in dimrticulating and bringing away with it a series of bones 
fiittalar in number and arrangement to those of the occipital Hcgment* 

In the skeletons of most animals the centrums of two or more Begmentfl become, in 
certain parts of the body, confluent, or they may be connate ; they form, in faetj oe& 
bone, like that, e. g.^ which human anatomists call *' sacmm/' By the tenn " con- 
fluent^* ia meant the cohesion or blending together of two bcnes which were ori- 
ginally separate; by *' connate," that the ossification of the common librous or 
cartilaginons bases of two bones proceeds ibom. on(i point or contre} and so eon- 
yoFta such bases into one hone : this is the case, f- j^>, in the radius and ulna of 
the frog, and in its tibia and fihula. In both instances they are to the eye a 
single bone; but the mind, transcending the senses, recognises such single bone 
as being essentially two. In like manner it recognises the ^^oocipitjilbone^' of man as 
essentiaUy four bones ; hut theae have become " eoniluent," and were not *^ connate/' The 
centrums of the two middle se^nents of the fish's skiiU are connate, and the little 
yiolonee above reeommended is requisite to detach the penultimate segment of the akuUn. 
When detached, the bones of it are seen to be so arranged aa to form a neumi and a 
hcemal areh» In the neural arch the centrum, neurapophysea, diapophyses, and neural 
spine are distinct : moreover, the neural spine in the cod, and many other fishes, is 
bifid, or split at tho median lino.* The centrum is called ''basisphcnoid,'* Ko. 5; 
the neurapophysia, " alisphenoid," Ko* 6 ; the neural spine, *' parietal," No, 7 ; and the 
diapophyaifl, ** mastoid,'^ No. 8. The alisphenoids protect the sides of the optic lohea, 
and the r^t of tho penultimate segment of the brain ; the mastoida prtiject outwards 
and backwards as strong transvei'se processes, and give altachment to the piers of iJie 
great inverted hirmal oixuh. Before noticing the structure of this, I may remark that, 
m the recent cod-fish, the case, partly gristly, partly bony, which eontains the organ of 
hearing, is wedged in between the last aiLd pen^timate neural arches of the skull. The 
extent to which the ear- case is ossified varies in different fiahes, hut the bone is always 
developed ia the outer wall of the ease. In the cod-fish it is unusually large, and is 
called ^^pctrosaI|'^ No. 16; it forms no pait of the ttegmentcd neuioskeieton. In the 
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.oigan. which, it contributes to inclose, there is a body as hard as shell, like half a split 
almond : it is the ** otosteal," No. 16, or proper ear-bone. 

. . The hsemal arch consists of a pleurapophysis and ahscmapophysison each side, and 
a haemal spine ; but all tiiese elements are subdivided, the jdcurapophysis into two 

•parts, the upper one called " epitympanic," 28, a (common to this and the next arch in 

. adyance) ; the lower one " stylohyal," No. 38. The hsemap<^ysis is a broader, slightly 
arched bone ; the upper division is called ** epihyal," No. 39 ; the lower division, 
" ccratohyal," No. 40. The haemal spine is subdivided into four stumpy bones, called 
coUecdvely " basihyal," No. 41 ; and which, in most fishes, support a bone directed 
fbrwards, entering llie substance of the tongue, called ^'glossohyal,'* No. 42 ; and another 
bone directed backwards, called *' uiohyal," No. 43. 

The oeratohyal part of the hsemapophysis suj^rts, in Ihe cod, seven long and 
slender bent bones, called *^ branchiostegal rays," 44. The number of these rays differs 
greatly in different fishes : the protopterus has but one ray, the blenny has two rays, 
the carp three rays, — a very common number is seven ; but the clop8 has thirty bran- 
chiostegal rays. They are of great length in the angler-fish (lophius)^ in which they 
serve to siq)port a membrane, developed to form a large receptacle on each side of the 
head of this singular fish ; into these receptacles, the small fishes are transferred, which 
the angler attracts within reach of its mouth, by the movable rod, line, and bait 
attached to the top of its enormous head. In ordinary fishes, the branchiostegal rays 
support a membrane which helps to close the gill-slit, and by its movements contri- 
butes to the direction of the branchial currents. It is an appendage, or rudimentalUmb, 
answering to the pectoral fin diverging from the haemal arch, in the adjoining occipital 



The penultimate segment of the skull above described is called the ^* parietal ver- 
tebra ;" and the haemal arch is called the *< hyoidean arch," in reference to its support- 
ing and subserving the movements of the tongue. 

The next segment, or the second of the skuU, coimting backwards, can be detached 
from the foremost segment without dividing any bone. It is then seen to consist, like 
the third and fourth segments, of two arches and a common centre ; but the constituent 
bones have been subject to more extreme modifications. The centrum, called ** pre- 
sphenoid," No. 9, is produced far forwards, slightly expanding ; the neurapophyses, 
called "orbitosphenoids," No. 10, are small semioval plates, protecting the sides of the 
cerebrum ; the neural spine, or key-bone of the arch, called " frontal," No. 11, is enor- 
mously expanded, but in the cod and most fishes is single; the diapophyses, called 
" post-frontals," No. 12, project outwards from the hinder angles of the frontal, and 
give attachment to the piers of the inverted hflemal arch. The first bone of this 
arch is common in fishes to it and to that of the last described vertebra, being the bone 
called "epitjnnpanic," No. 28 (Fig, 9); this modification is called for by the necessity 
of consentaneous movements of the two inverted arches, in connection with the degluti- 
tion and course of the streams of water required for the branchial respiration. The 
haemal arch of the present segment — enormously developed— is plainly divided primarily 
on each side into a pleurapophysis and haemapophysis ; for thcso elements are joined 
together by a movable articulation, whilst the bones into which they are subdivided 
are suturally interlocked together. The pleurapophysis is so subdivided into four 
pieces ; the upper one, articulating with the post-frontal and mastoid — the diapophyses 
of the two middle segments of the skull—is called " epitympanic," No. 28, a; the hind- 
most of the two middle pieces is the " mesotympanic," No. 28, b ; the foremost of the 
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two middle pieooB is the "pretympanic," No. 28, e; the lower piece is the hypotym- 
panicy No. 28, d ; this presents a joint-BUiface, couTex in one way, ooneaye -in the 
other, called a ** ginglymoid condyle," for the hsmapophysis, or lower division of the 
arch. In most air-hreathing Yertehrate8->the serpent, Cut 16, e. g. — ^the plenrapophysis 
resumes its normal simplicity, and is a single bone, 28, which is called the **tympanic;" 
in the eel-tribe it is in two pieces. The greater subdiTision, in more actively breathing 
fishes, of the tympanic pedicle, gives it additional elasticity, and by their overlapping, 
interlocking junction, greater resistance against fracture ; and these qualities seem to 
have been required in consequence of the presence of a complex and largely-developed 
diverging appendage, which f<»ms the framework of the principal flap or door, caUed 
'^ operculum," that opens and closes the branchial fissure on each side. The appendage 
in question consists of four bones; the one articulated to the tympanic pedicle is called 
" preopercular," No. 84 ; the other three are, counting downwards, the " opercular," 
No. 35; the "subopercular," No. 36; the "interopercular," No. 37. The hsemapophysis 
is subdivided into two, three, or more pieces, in different fishes, suturally interlocked 
together ; the most common division is into two subequal parts, one presenting the 
concavo-convex joint to the pleurapophysis, and called " articular," No. 29 ; the other, 
bifurcated behind to receive the point of 29, and joining its fellow at the opposite end, 
to complete the heemal arch : it is very singularly modified by supporting, and having 
more or less firmly attached to it, a number of the hard bodies, called '* teeth," and 
hence it has been termed the ^' dentary," No. 33. In the cod there is a small separate 
bone, below the joint of the articular, forming an angle there, and called the " angular 
piece," No. 31. 

In consequence of this extreme modification, in relation to the offices of seizing and 
acting upon the food, the pair of hwmapophyses of the present segment of the skull have 
received the name of ^Uow^ jaw," or "mandible" {mandibula). The entire segment 
is called the " frontal vertebra." 

The first segment, ferming the anterior extremity, of the neuroskeleton, like most 
peripheral parts, is that which has undergone the most extreme modifications. The 
obvious arrangement, nevertheless, of its constituent bones, when viewed fix)m behind, 
after its detachment from the second segment, affords one of the most conclusive proofs 
of the principle of adherence to common type which governs all the segments of the 
neuroskeleton, whatever offices they may be modified to fulfil. The neural arch plainly 
exists, but is now reduced to its essential elements— viz., the centrum, the neur- 
apdphyscs, and the neural spine. The centrum is expanded anteriorly, where it 
usually supports some teeth on its under surface in fishes ; it is called the " vomer," 
No. 13. The neurapophyses are notched (in the cod), or perforated (in the sword-fish), 
by the crura or prolongations of the brain, which expand into its anterior divisions, 
called " olfactory lobes ;" the special name of such neurapophysis is " prefrontal," No. 
14. The neural spine is usually single, sometimes cleft along the middle ; it is the 
«*nasal,"No. 15. 

The hsBmal arch is drawn forwards, so that its apex, as well as its piers, are joined 
to the centrum (vomer) and usually also to the neural spine (nasal), closing up ante- 
riorly the neural canal. The pleurapophyses are simple, short, sending backwards an 
expanded plate : they are called " palatines," No. 20. The hajmapophyses are simple, 
and their essential part, intervening between the pleurapophysis and haemal spine, is 
short and thick; but they send a long process backwards. This element is called 
" maxillary," No. 21. The haemal spine, cleft at the middle line, sends one process 
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vpwvrflfl of yarying length in different fislies, and a second downirards aild badbru^ ; 
, and its under snrfiewe is beset with teeth in most fishes : it is called '< premaxillary," 
No. 22. Each pleurapophysis supports a ^ diverging appendage,'^ consisting conmKmly 
of two hones : the outer one, which fixes the present hssmal arch to the succeeding one 
is called " pterygoid," No. 24 ; Ihe inner one is the " entoptery^d," No. i23. The 
entire segment is called the ''nasal rertebra." The hfismal arch and its appendage 
form what is termed the upper jaw {tMtxilla) ; the palatine and pterygoids forming the 
roof of the mouth, the maxillary and premaxillary the proper upper jaw. On reyiewing 
the arrangement of the bones of the foregoing segments, one cannot but be struck by 
the slarength of the arches which protect and encompass the brain, end by the beauty 
and efficiency of that, arrangement which provides such an arch for each primary divi- 
sion of the brain ; and a sentiment of admiration naturaHy arises on examining the 
firm interlocking of the extended sutural surfaces, and ei^oiaUy of those, uniting the 
proper elements of the arch with the buttresses wedged in between the piers and key- 
stone, and to which buttresses (diapophyses) the larger haemal arches are suspended. 

In addition to the parts of the neuroskeleton, the bones of the head include the 
ossified part of the ear-capsule, ''petrosal," 16, already mentioned; an ossified part of 
the eye-capsule, commonly in two pieces, " sclerofcals/' No. 17 ; and an osisified part of 
the capsule of the organ of smell, "turbinal," No. 19. Another assemblage of 
splanchnoskeletal bones support the gills, and are in the form of slender bony hoops, 
called " branchial arches." They are articulated to and supported by the hyoidean 
arch. Amongst the bones of the muco-dermal system, may be noticed those that 
circumscribe the lower part of the orbit, of which the anterior is pretty constant in 
the vertebrate series, and is cSlled "lacrymal," marired 20 ^in Out 9. In fishes they 
are called " suborbitals," and are occasionidly present in great numbers, as, e. ^., in the 
tunny. A similar series of bones sometimes overaiches the temporal fosssB, and are 
called " supertemporals." , ' 

At the outset of the study of Osteolpgy it is essential to know well the numerous 
bones in the head of a fish, and to fix in the memory their arrangement and names. 
The latter, as we have seen, are of two kinds, as regards the bones of the neuro- 
skeleton ; the one kind is "general," indicativo of the relation of the skuU-bones to the 
typical segment, and which names they bear in common with the same elements in 
the segments of the trunk * the other kind is " special," and bestowed on account of 
the particular development and shape of such elements, as they are modified in the head 
for particular functions. I would advise any one earnestly desirous of comprehending 
this beautiful department of Comparative Anatomy to obtain a prepared and partially 
disarticulated skull of a cod-fish fi:^m Mr. Flower,* in which every bone bears the 
initials of its "general" name,- and the numerals indicative of its "special" name. 
A great proportion of the bones in the head of a fish esist in a very similar state of 
connection and arrangement in the heads of other vertebrata, up to and including man 
himself. No method could be less conducive to a true and philosophical comprehension 
of the vertebrate skeleton than the beginning its study in man— the most modified of 
all vertebrate forms, and that which recedes furthest fi:om the common pattern. Through 
an inevitable ignorance of that pattern, the bones in anthropotomy are indicated only 
by special names more or less relating to the x>aTticular forms these bones happen to bear 
in man ; such names, when applied to the tallying bones in lower animals, losing that 
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Bigmficanoe, aod liecomiiig arVitr^ry Bigns. Owing to tlie frequetnt modiflcation by con- 
fluence of the human bones, collections of them, so united, have receiTed aaingle uame, 
nSf e. ff.j ** occipital,'' ** tenoporal,'* frc. ; -whilst their constituents, wMcb are usually 
distiact Tertebral elemeuts, have nsccived uo uames^ or are defined as procesaea, «. ^*, 
" ccmdylold proceea of the occipital bone^" " styloid process of the temporal hone/' 
'^petrous pcwtion of the temporal bone/* Sec. The classi&catiou, moreover, of the botiCE of 
i^c head in Human Anatomy, tisj., into these of the ciBnium and those of the face, is 
t^iScisd or special, and eonscq^uBntly defective* Many bouea which esBentially belong 
to the slnill ore wholly omitted in suck cliMsideation. 

In r^ard to the archetype of the TCrtebmtB Akcleten, fiflheii, wHch were the Brst 
forms of Tertebrate life introducjed into this planet^ doTiate the leaat tberefrotn ; and 
according to the foregoing analysis of 1}i& boUGa of the head, it foUows tlkat such bonna 
are primarily diTieible into those of— 

The Neuraskekton ; 
The Splanchnoskeleton ; 
The Dermoakeleton, 

The nfiHTostfiletal bones are arranged in fouir aegtnenta, called— 

The Occipital segment ; 
The Parietal segment ■ 
The Frontal segment ; 
The Nasal segment, 

^Q&k segment ocoiHiitB of a ** neural" and a " hffimal" arch. The neural arches ar^— 
K I* Epencephalic arch (bones Nos. 1, 2, 3, i) ; 
N n* MeBencephalio arch (5j 6, 7, S) j 
K in, Prosencephalic arch (9, 10, 11, 12) ; 
N tv. Rhinencephfilic arch (13, 14, 16). 

The hieznal arehea are — 

H I. Scapular arch (50*52) j 
H m Hyoidean arch (38-13) ; 
H m. Mandibular arch (28-32) ; 
H rv. MaxiLLary axch (20-22). 

The diverging appendages of tbe hsmal arches aro — 

1. The Pectoral (54-67) ; 

2. The Erouchiostcgal {44} ; 

3. The Opercular (34-37) j 

4. The Pterygoid (23^24), 

Tho bones or parts of the splanchno-skeleton which ore interested with or attached 
to the axches of the true vertebral eegments, are — 

Tte Petrosal (16) or ear*capaulc, with i^e otolith 16" ; 
The Sclerotol (17) or eye-capsule ; 
The TnrbLnal (19) or nose-eapsule ; 
The Branchial arches j 
Tlie Teeth. 
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The bones of the dermoskeleton are — 

The Supratemporab ; 
The Superorbitals ; 
The Suborbitals ; 
The Labials. 

Such appears to be the natural classification of the parts which constitute the 
complex skull of osseous fishes. 

The term "cranium" might well bo applied to the four neural arches collectively, 
but would exclude some bones called " cranial," and include some called " facial," in 
Human Anatomy. In a side view of the naturally-connected bones of the head of a 
fish, such as is ^own in the figure of the skeleton of the sea-perch. Cut 9, the upper 
part of the head is formed by tilie neural spines called superoccipital, 3, frontal, 11, 
and nasal, 15 : produced at the hinder half into the median ridge. The right lateral 
ridge is formed by the parietal, 7, and paroccipital, 4 ; the external ridge by the post- 
frontal, 12, and the mastoid, 8. The anterior termination of the series of centrums 
may bo partly seen through the widely-open orbits at 9 and 13, indicating the pre- 
sphenoid and vomer respectively. The most conspicuous parts of the upper jaw are the 
promaxiUaxy, 22, and the maxillary, 21, the latter being edentulous, as in most fishes : 
the salmon and trout are examples where No. 21 bears teeth. The shape and slight 
attachment . of those bones relate to the necessity of a movable mouth that can bo pro- 
truded and retracted, in a dass of animals that derive no aid in the prehension of their 
food from their limbs, which are reduced to fins. The upper bent back part of the 
premaxillary is called its " nasal branch," and is of unusual length in fishes with 
protractile snouts, as, e, ^., the dories i^Zeui), certain wrasses {(hricm\ and especially 
the sly-bream {Sparus insidiator of Pallas). In this fish the nasal branch of the pre- 
maxillary plays in a groove on the upper surface of the skull, and reaches as far back 
as the occiput, when the mouth is shut and retracted. The descending branch of the pre- 
maxillary is attached by a ligament to the maxiUary, and, as this is similarly attached to 
the mandible, both are protruded, when the long nasal branch of the premaxillary is drawn 
forwards out of its epicranial groove. This action is aided by the hypotympanic, 
which is of great length, and has a mova,ble articulation at both ends ; the lower end 
joining the mandible is pulled forward, simultaneously with the protrusion of the 
premaxillary, and co-operates therewith in the sudden projection of the mouth, by 
which the dy-beam seizes, or shoots with a suddenly-propelled drop of water, the small 
agile aquatic insects that constitute its prey. 

An opposite extreme of modification of the maxiUary and premaxillary bones, where 
unijsual fixity and strength are needed, is that presented by the " sword-fishes," in which 
the premaxUlaries constitute, by an unusual prolongation and density of tissue, the 
sword-shaped weapon characteristic of the genera Xiphias and Istiophorus, 

In Cut 9 the divisions 28 a, e^ and dy of the tympanic pedide, and the two chief 
divisions, 29 and 33, of the mandible, are shown, together with the four bones of tho 
opercular appendage ; the preopercular, 34, being serrated and spined, as in most 
perches. 

Of the hyoidean arch may be seen the glossohyal, 42, the ceratohyal, 40, with its 
branchiostegal rays, 44, and the urohyal, 43. Of the scapular arch, the scapula, 51, 
and the coracoid, 52, this supports not only the bones of the "pectoral fin," P, viz., 
uloa, radius, with the small carpal bones intervening between them and the metacaipo- 
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nlmkmgea^ 57j but ^*0 tha lower elemcnta of the pelvic arch, 63, snA their diTerging 
appe^dage^ 69 j callu-d tho "ventral fin/* V. 

In iJks segments of the tnmk th© haemapophyses, 
save in th^ iirst yertcbra, S3, and the peMc Ttirtebra, 
^S' 1^* {^6i[ T ^^* ^^^ ^^^ ossified J but they are represented by flpo- 

nturotic fascia contmuad downwards from the ossified 
elements of the Hegmenta; these elements eonsi&t of 
the centrum, the neiirapophyeoa, and nenral spinea, 
the pleurapophyses, and the parapophyses. In most 
fiahss the nenral spmea are connate with the ncurapo- 
phyaoa, and these become confincnt with the centrums 
in moat of the segments : the neurapophyses are per- 
forated directly by the spinal nerves in many fishes, as 
at « rt (Fig. 8) j they usually develop anterior ;sygapo- 
physoa, Z (Fig. 9)* The eentmms are biconcaTe in rU 
fiahea, aavo the lepidosteus, in which they are conves: 
in front, and concare behind. The plenrapophyses, 
pi (Fig. 9), form what are called *^ false ribs," or free 
or " fioating riha," in Anthropotomy : they articulate 
with the ccntnimB in the anterior trunk-vertebrae p and 
then with the parapophyses, p, which are iisuaUy 
conflnentwith the centrum » The parapophyses elongate, 
bend down, and unite together at or near to the end 
of the abdomen, and ao form the contracted h^mal 
canal, for the caudal vesa^la, in the long and muscular 
tail of the fish* The trunk- vertebrae of a fiah are 
divisible into those which have free pleurapophyse», 
caUed " abdominal vertchrte/* and those without, and 
which terminate below by narrow hremal Eirches and 
long spines, eafled *^ caudal vcrtcbrtc." ITicse hEemal 
arches are formed by di^crtnt part.3 in different fijhes : 
commonly by tho bent-down and terminally confluent 
parapophyeoa (Fig. 10), I, p^ eod ; somctnues, aa in the 
tunny {%&,) III, by parapophyses, p, lengthened out by 
pleurapophysosj pi ; sometimes, as in lepidostens (ti*), 
II, by plenrapopliypacs, pi; but never, as in air- 
breathing vertebrates (iL), V, by ossiSed hsemapo- 
physes, A, hs. ThePt^ elemeuta, in the first ycrtebra 
of the trunk of a fish, are, indeed, ossified, and form 
the long and slender bone calted " clavicle," 68 (Fig. 9), 
nauaJly attached to the inner side of the scapular arch. 
The haemapophyees of, probablyt the laat abdominal 
vertebra, called " isehia," Ko* 63, are detached from 
the rest of their segment, and are either loosely etis- 
pended in the fiesh, beneath or near it, as in the fishes 
called " abdominal j" or they are advanced, mueh don- 
,__ gated, and attached to the scapnlar arch, as in tho 

fishes caHed ** thoracic" (Fig. 9); or they are more advanced, ahoiteued, and 





STRUCTUHE AKD FOEMULJE OF XHE FiN-BAYS. 



183 



nilwly attacliedj as in the fishes caUed "juguliKi** or they are wholly wantiflg, 
aa in the ftshes csEGd *^ apodaL" Th© fins caUed ** ventral," V, aupportcd by the 
pelri^} h^mapophyees, indicate hy their position the ordexi of £ahea colled ^' ab^k^ 
ininaJ," ** thoracic," aad *^ jugular," by LiniiaiUi* 

The ooly proper fins in pidrs are the ^^ pectoral,** F^ answering to the fore^lmb^ 
of quadrupeds, and the "yeatral," Vj anawBring to the hind-limba. The rest of 
the Imfl are sing^lo and toedion in poaition, and are due to foldd of the akin, in \vhich 
certain dermal bones arc devoloped for their support. The&e bones are of two kinds ^ 
an&f dagger-shaped, are plunged^ so to speak, up to the hOt, in the flesh between the 
neural spines, and between tlie h^mal spines ; those along the upper aurfaee of the fish 
itr& called *' interueural spiaeg,** wt, Cut 9 , those on the under surikee are the " iuter- 
hcamal spines,'* th. The intemeural spines support the ** dermoncural spines^ dn, 
forming the rays of ths dorsal fin or fin% Dl, D2, and the upper raya of the caudal 
fin. The intorhaemal spines support the dermohEsmal apinea, dh^ which form the rays 
of the anal fin^ A, and the lower rays of the caudal M, dit, C. 

Both deTmoneural and dermohajmal spinea may preaeat two structures j they may he 
simple, unjointed^ firm, bony spines ; or they may be flexible^ jointedj and branched raya. 
Those fishes which have one or more of the hajd spines at the beginning of the pectoral^ 
ventral, dorsal, and anal fins are called *' acanthopterygian," or spiny-finned fii^es (Gr, 
acoHthas, spine; piertu^, fin) ; those in which the vertical fin a are supported by eoftspinei 
are eaUed *' malaeopteryglan/' or soft-fiuned fiikhes (Gr. maiakotf soft ; and ptart^). lehthy- 
otogista avail themselves of the number and kind of raya in the fins to eharaetenije the spe- 
cies of fiahes, and adopt an abbreviated formula and symbols to «xpii3aa tliese charaeters. 

In regard to the sea-perch (Fig, 9)j the fin -formula would be as follows :— 
D 7, 1 H- i2 : P 12 : V 1 -1-5 : A 3 + 8 : C IS, 
which sigmfies tha;^ D, the dorsal fin^ haS| in its first division, 7 raya, all ipinous ^ in 
its second division, 1 apirtous -|- (phis) 12 rays that are soft, P, the poetm'al fin, has 12 
raya, all soft. Y, i^& ventral iia, has 1 spinous -\- 5 soft rays. A| the mod fin, haa 
3 spinoua -\^ 8 soft ray a. C, the caudal fin, has IS rays, 

When the piacino modificfition of the vortebrate skolctoii ia contemplated in relation 
to the llfi& and movements of a fisk in its native element, every departure from the 
archetype is seen to bo in direct relatiqii to tho habits and weU-boing of the species. 

The la^g^3 head has been compared to tho embryonic disproportion of that part in 
higher vertebrates; but the head of a fish should be of the size and shape b^t fitted to 
overoome the resistance of water, and to facilitate rapid progression through that 
elefuent : the head must, therefore, grow with the growth of the body. Accordingly, 
the lar^ skuU-bones always show the radiating bony filaments in thair clear eircum-^ 
ference, whieh is the scat of growth ; and henc* the number of overlapping squaniou* 
futures which least oppoae the progressive extension of the bones. Tho croniid cavity 
expands with the eacpansion of the skull, but the brain undergoes no corresponding 
increase ; it liea at the bottom of its capacious chamber, which is principally occupied 
by a loose cellular tiss^ie, situated, like the *' arachnoid" membrane in man, between the 
brain-tunica, called ^^ pia mater" and " dura niater," and having its cella filled by a 
Light, oily fluid ; thus the head is rendered apceiflooHy lighter than if growili only, and 
not the modeEing absorption also, had gone on* The loose oounection of the haemal 
archer and their parts, including most of what arc called ** bonea of tho face," aeems 
like the retention of a condition observable in the partially-developed skull of the 
embryos of higher animala ; but this condition is subservient to the peculiar and e^ea- 
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£iif of the Hmbt of fishes ne fo^Jiainle ; tlie month maj be propeSkd hj iiiem to Uie 
fiiod, but thfl set of taMng ift mast he performed hj ihe jnire ; fliese cxo, WDeat^m^j^ 
he not ocdj opeoei md ahn^ hml can be ivotmded snd retisctcd. The dirkloii of the 
long tympsnvi pe^iclje iato ^remi partlj-CTcrlapimig p«c«s «di|} to its itzcBgth, md 
bj a aEight elastio jMdmg ttimiTil^Tiea the liability to frsctiire. The tocLg^nCi to jislga 
bj ita stm^tnre, see^ns to ^ra^r^ little a^ an organ, ^f tastc^ bat the arcit saetainiog: it hai 
much to c^ct in the wmj u/f wwaHowing , ibr tkia action mlates wjt Eierely t& food j the 
piantmittfffll psit of breathing i^ a modified, habitnal, snd. irequsRi ad of liegliidtitiooL The 
liymd ardi ii the chief jmppori of th^ bnmcliial siriia^ and gSh ; axid the hrancMostegaJ 
m^mbmifiSi stzetehed out upon the diTergm^ raj? of fhe lijmd arch, regulate the cmata 
and exit of t^ retpifatory currents. 

By the retzactioii of tlie hyoid orcb ^e op«mnilar doors are farced opeot, aad the 
I luaiuihial eaTi^ b wideoed, whilst aD. entry from behind is prevented by the btsndki' 
Qetegtd flaps, irMcb dose the external gill-openings^ The -watcr^ ther^ire^ eaten by the 
gaping month, and m&hes tlirougli the fieTe-like interspaces of the bmochial andiei 
into the braiiehlal caTity ; the month then ahuta^ the opercmlar doois dose upon due 
braiuchial aod hyold ardies, wMdi again ^wing^ forwards ; and the branchiost^al m^in- 
hnuiea being withdrawn^ the eurrents m^ ou% at the g£Q-apening3. Thus the moeba- 
nical functions of the hisiiul aichea of the thmax of the higher air-breatliing dasaes 
afe tnm5&5rrGd to the hiemal an^hes and appendages of the sknll la fisJies. 

The persktent gills and gill-arch^ in fiahea have been compared with the same puts 
whidi are transitory in froga, and with some ti^ces of hraochlal orgamje^tion in the 
embryos of higher vertehralea : and fi^ihes hove been called, in the Isn^piage of the 
transmutation -Kjf^spcc tea hypotheaia, ** arreated gigantic tadpoles/' It will be founds 
howeTer, that so for from there hating been any stoppage of derdopment} the hranchial 
archos have been adapiod to the ^^gcncic^ of the fi^h by advanciiig to a grade of 
stnicttire which they never reach in the irog. This 13 shown by their firm ossi£cation<» 
and their uumerons elastic joints ; the aieve-lilce valves developed from the aids next 
the month have been pre-arranged, with the utmost complexity and nicety of adjust- 
ment, to prevent the entry of any partidea of food, or other irritating matters, into the 
interapaees of the tender, vascular, and sensitiva gills. It is interestmg, alao, foxther 
to observe, that the lost pair of thcao arches, whiehj when the embryo-fish ia as yet 
edt'ntulQus, us|ially support gills, are reduced, when the s\ipply of yolk-^food ia 
exhausted, and the jaws get their prehf^nstlQ OTgana, to the capacity of the gnllet- 
lyeoomo thickened, in order to support teeth fof tearing in pieces, mincing, or crushing 
the food, and are converted into an accessory pair of jaws, and thia pair the moel 
important of the two, as it would seem ; for the carp-tribe — f, jp*, tench, barbel, roach — 
which have no teeth on their proper jawa, have teeth, on the phfuyngeal jawi. In 
no other vertebrate animals, save the osseous fishes, is the mouth provided with maxil^ 
laTf instruments at both the fore and hind apertures ; and in no other part of the pi^Ine 
structure ia the direct divergence from any conceivable progresaiTo scale of ascending 
organismflj culminating in man, so plainly marked as in this^ 

The general form of the fish is admirably adapted to the dement in whieh it lives 
and moves. The viscera are packed in a moderate compass, in a cavity bronght for- 
wards dose to I3ie head» The absence of any neck gives the advantage of a more exten- 
sive and resisting attachment of the head to the trunk, and a greater proportion of the 
trunk id left free for the aHocadon of the muscular mosaos which move the tail In 
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the " caudal" diyision of the yertehral coltuxm, the porapophyses cease to extend ont» 
wards ; they bend downwards, unite and elongate in that direction, proportionally with 
the elongation of the spines above, whilst dermal and intercalated spines shoot forth 
from the middle line above and below, giving Hie vertically extended, compressed form 
to the hinder half of the body, by the alternating lateral strokes of which the fish is 
propelled forwards in the diagonal between the direction of those forces. The advan- 
tage of the biconcave form of vertebra, with intervening elastic capsules of gelatinous 
fluid, in producing a combination of the resUient with the muscular power, is as obvious 
as it is beautiful to contemplate. 

The fixation and coalescence of any of the vertebra in this locomotive part of the 
fishes' body, analogous to the part called "sacrum" and "pelvis" in land quadrupeds, 
would be a great hindrance to the alternate and vigorous inflections of that part, by 
which mainly the fish swims. A " sacrum" is a consolidation of part of the vertebral 
axis of the body, for the transference of more or less of the weight of that body upon 
limbs organized fbr its support on dry land ; such a modification would have been not 
merely useless, but a hindrance to a fish. The pectoral fins are the prototypes of the 
fore-limbs of the higher vertebrates. With their terminal segment, or " hand," alone 
projecting fircely from the trunk, and swathed in a common sheath of skin, they present 
an interesting analogy to the embryonal buds of the answerable members in man. But 
what would have been the result if both arm and fore-arm had extended freely from the 
side of the fish, and dangled as a long many-joiated appendage in the water ! This 
" Ingher development," as it is termed, in relation to the prehensile or cursorial limb of 
the denizen of dry land, would have been a defect in the structure of a creature destined 
to cleavo the liquid element. In the fish, therefore, the fore-limb is left as short as was 
compatible with its required frmctions : the broad, many-fingered hand alone projects, 
but can be applied prone and fiat, by fiexion of the wrist, to the side of the trunk ; or it 
may be extended with its fiat surfaces turned forwards and backwards, so as to check 
and arrest, more or less suddenly, the progress of the fish ; its breadth can also be 
diminished by closing up or stretchidg out the digital rays. In the act of flexion, the 
pectoral fln slightly rotates, and gives an oblique stroke to the water. The requisite 
breadth of the modified hand is gained by the addition of ten, twenty, or it may be a 
hundred fingers over and above the number to which they are restricted in the fore foot 
or hand of the higher classes of vertebrata. The pike maintains a stationary position 
in a stream by vibrations of the pectoral fins : the nature of the bottom of the fish's 
habitat is ascertained by a tactile application of the same fins. In the hard-faced gur- 
nards certain rays of the pectorals are liberated from the web, and have a special 
endowment of nerves, in order to act as feelers. In the siluroid fishes, the pectorals 
wield a formidable weapon of oflence. A tropical species of perch (Anabas) uses a 
smaller analogous pectoral spine for climbing up the mangrove stems in quest of insects. 

Certain lophioid fishes that live on sand banks left dry at low water, are enabled 
to hop after the retreating tide by a special prolongation of the carpal joint of the 
pectoral fin, which projects in these " frog fishes," as they have been termed, like the 
limb of a land quadruped, and presents two distinct segments clear of the trunk. 

The sharks, whose form of body and strength of tail enable them to swim near the 
surface of the ocean, are further adapted for this sphere of activity, and compensated 
for the absence of an air-bladder, by the large proportional size of their pectoral fins, 
which take a greater share in their active and varied evolutions than in ordinary fishes; 
more especially in producing that half turn or roU of the body required to bring the 
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tii{)iith, which is on th^ under port of tha head, in contact with their pfCij. The moxi^ 
tnmn of doyclopment of tliQ many-fingerod Iianda ia attainEd in the rdjs, and in those 
£jiiheB — ^.g^t Ejpocmtus and Di^tylopterus^ — called " flying fishea/* in coDsequenco of thti 
pectomh bemg long enough, and tlieir weha broad enough, to fiustmi tiiem in the air, 
in their long *^ fljing leapa" out of the water. 

With regard to the ventral fina— the rudiments of Mnd-limbs — these combine merely 
with the p€(;taralg iu ruining the iish, and m preveuting, as outriggers^ the rolling of 
the hody during progresdon. In the long-hod led and em all-headed abdominal flsh^ 
the vcntrala are flituated near the vent, where they beat euheerve the office of accessory 
bahmeoTs ; in tha large-headed thorado and jugular fLshes they are tranderred forwar4^, 
to aid the pc^torak in supporting and raising tho head. If the pectoral and ventral flns 
in one of these fishes ho cut ofi^ the head sinks to the bottom ; if the right pectoral fin 
only he out ofi^ the fisli leans to that side ; if the venti-Eil fin on the same side be cut away, 
then it loses ita cquilibriuiQ entirely ; if the dorsal and anal fins he out oifj the fish redk 
to the right and left j when the caudal fin is cut o^ the fish loses the poorer of progressivo 
motion ; when the fish dies, and the fins ceai^ to play, the belly tuinfl upwards. 

Paley thus sura*^ up the actions of the fins of fishes: — " The pectoral, and more par* 
ticulaily the ventral, fins serve to raise and depress the fiah; when the fish deaares to 
have a retrograde motion, a stroke forward with the pectoral fin effeotually producer it ; 
if the flfih desire to turn either way, a single blow with thfi tail the opposite way sends 
it round at once ; if the tail strike both ways, tho motion produced by the double lash 
is progressive, and enables the fish to dart forwards with an astonishing velocity. The 
result ia not only in some cases the moat rapid, hut in ail cases the most gentle, pliant^ 
easy animal raotion with which we are acquainted.** ^* In their mechanical uee-^ tho 
axtal fin may be reckoned the keel ; the ventral fine, the outriggers ; the pectoral fina, 
tho oarsi" and we may now add " tho caudal fin^ the screw-propellej.'* And if there he 
such similitnd between those parts of a boat and a flah^ ** observe," adds Paley, " that 
it ia not the .'eaemblanco of imitation, but the likeness whi&h arises from applying 
similar mechanical means to the «arae purposes,''* 

Principe FoTniB of tbe Skeletoii in t3ie €1slbs Heptilia^^-^The transi- 
tion from fishes to reptiles is easy, and the signs thereof very manifest in the skeleton. 
In the thomback and allied fishes the skull articulates with tho trunk by two condyleB, 
and the part answering t<» the basioecipital is a depressed plate. The Batmckia^ or lowest 
order of reptiLes — including the aii-en, proteus, frog, toad — have a similar double articu- 
lation of the dnill with the trunk, tho two condyles being developed from the two 
exoccipitals. H^mapophyscs are not present sSi bones in the abdominal part of the 
tntnk of Bairttohiiif, but they arc so developed in the taiL This struetunej witli the 
detachment of the seapular arch from tho occiput, and the absence of dennoneural and 
dermohiemal opines, serves to dijTtingni.^h the most fish-like batradiian frxim the pro- 
toptcmsandlcpidosiTen, which are the most rcptiJe-Iike of fishes. 

In commencing the study of the skeletons of reptiles in the most fish-like of the 
class, we find a much less complex eonditicn of the osseous framework of the body than 
in the hony fishes ; this will he immediately manifest by a comparison of the skeleton 
of the menopome (which may be seen in the Muacnm, £oyal College of Surgeons, No. 
S83), aa an example of the pDrennibranchlatfi hatrachia, with the skeleton of the trout 
(No. i5) Of of the haddock (No, I7f», in tha same Mu^um), 



• ** Nat. TheologT," BtO^ l^W, p. 267, 
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Fig. 11. 




The difference tends greatly to elucidate the tnie nature of the complexities of the 
fish's skeleton, since it chiefly consists in the simplification of that of the hatrachian, by the 
non-development of the parts of the dermal skeleton which characterize that of the fish. 
The suborbital, superorbital, and supratemporal scale-bones are removed, together with the 
opercular bones, from the head ; and the intemeural and dermoneural spines, with the 
interhsemal and dermoheemal spines, are removed j&om the trunk. The endoskeleton 
is also reduced to a very simple condition ; the advance characteristic of the higher 
dass being appreciable only by a comparison of it with the skeleton of the most 
batrachoid of fiflhe&— *. ^., the protopterus (No. 380). 

"We then perceive that the bodies of the vertebr®, in the true hatrachian, are 
distinctly ossified, though 
preserving, in the peren- 
nibranchiate species, a 
deep, conical, jelly-filled 
cavity both before and be- 
hind (Cut 11), C ; they have 
also coalesced with the 
neural arches, as these have 
with their spines, which 
are, however, scarcely pro- 
minent, except in the tail. 
The transverse processes 
are developed not only from 
the centrum but from the 
base of the neural arch, 
and are formed by both parapophyses and diapophyses ; and they coexist with distinct 
hsemapophyses in the tail (tA.), H. With these, likewise, coexist cartilaginous pleur- 
apophyses (ib.)y pi, in the second, third, and fourth caudal vertebrae ; short ossified 
pleurapophyses being developed from the ends of the diapophyses in the first caudal 
to the vertebra dentata inclusive. 

By this instructive condition of the skeleton of the menopome, we perceive at pnce 
that the haemapophyses (ib.), H, are neither transverse processes, nor ribs bent down or 
displaced, but are elements of vertebrae, as distinct as the neurapophyses above. The 
neural arches are now articulated together by well-developed zygapophyses with syno- 
vial articulations, which are absent in the protopterus, as in most fishes. 

In the protopterus, as in the squatina and some other cartilaginous fishes, the neural 
arch of the atlas rests upon a backward pr6duction of the basioccipital ; in the batrachians 
it is confluent with its own proper centrum, which developes two articular surfaces for 
the two occipital condyles. The haemal arch of the occipital segment, which is attached 
to its proper vertebra in ihe protopterus (Fig. 82), A, 51, 52, as in osseous fishes, is 
detached and displaced backwards in the batrachians (Fig. 33), 51, 52. In tho com- 
pletion of the haemal arch of the sacral vertebra in Hie menopome, by the enlarge- 
ment of its transverse process (Fig. 11), D, and by its pleurapophysis (»*.), i>/, extended 
to join a haemapophysis (i*.), H, below, we have the key to the essential nature of the 
pelvis in all air-breathing animals. The progressive development of the appendages of 
the scapular and pelvic arches, which are to become the four limbs of air-breathing 
vertebrates, should be traced from their condition in the protopterus. Here (Fig. 32) 
\hej are reduced to a single ray, which is soft and many-jointed. In the Amphmma 
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didactyld (Fig. 33) tKe my is ossgidcd : ita first joint (i^*), 53^ ia Icmgj its secoTid {ih\)j 6i, 
dd, la bifid, ^Lad a cartilage at the end <if this Bupporla two ehort tt^rminiil raja, Tbia 
ia the pattern of the flubdivisi on of the appcndago hoth of tho scapular and pelTiG 
arches, in all the liigher VErtcbrates : hi^nce, in consequGnce of tbo yaat modi&c-HtktnB 
of the jseyeral segmentSj tho necD^sity for their special name$. In the fore -limb the 
first segment (Fig. 33), 53, is the *'arni,*' and ita bone^ the ^* humenis," Ko 53; the 
second segment ia the foro^ann— its two bones aio the ^^ radius," No« 5Sj and *■' ulna,'* 
No* 54 ; the third segment is the *' hand'' — -its rays are the " fingera \" and ita hones 
are subdiTidcd inte ** carpab/^ Ko. 66, " metacarpala, " and " phalanges/* No* 57. In 
the hnLd-Umb (Fig, 34) the ^rst scgtncnt is the *' thigh,'* and ita bone, the '* femur," 
No* 65 ; the second segment is the *' log,*' and its two bones are the "tibia" Ko. 6G, 
and "fibula," 1^0*67; the third segment is the "foot" — its ray a are the "toea;'' its 
bonea are subdivided into "taraals^" *' metatarsal/' and "phalanges/* 

In the siren the pelvic arch and limha are not developed ; but they coexist with tho 
scapular arch and limbs in all other batraoMa. In the proteus the last segment of the fore- 
limb diyidcB into three r^ys, that of the hLad-limb Into two rays \ in other worda, it has 
three fingcTS and two toea. The menobraiichua has four fingers and four to€s. The axololL 
haa four &igcra &nd five toca. The menopome has five fingera and five toc^. 

The ultimate Bubdirisiona of the radiated or diverging appendages of the acapulaf 
and polvie arches do not exceed £yo in any existing air*breathiiig animal^ and their 
further complexity is due to ths specialization of caeh digit, so as to combLno in 
associated action^ instead of their inde&iite multipHcation, which causes the seeming 
Ocmplexity of the same appendages in fishes. 

In all the fish-Bke batrachia, called, ftom a feteatioiL of more or less of the brsnchial 
apparatos, " perennlbrazichiaf " the limbs are shorty and the rays of the terminal segments 
of each limb are, more or lesa, united bj a web : the body is long, and the tail long and 
compreased. But a great ascent in the scale of life is made in the batrt^hian order x all 
the species when hatched have the fish-like form, and gills for breathing water ; most 
of them exist for some time^ under this form, in water ; and these undergo so strange 
a taodific^ation of form and structure beforo arnyiug at maturity, that it has been called 
a " metamorphosis," They change their aquatic for a terrestrial life ; they breathe air 
instead of water ; and from being omnivorous become carnivorous. The tadpoles of 
our eommon toad and &og afford r^ady and abundant instancf^ for tracing these stages. 
The following is an outline of the main phenomena of tho change observable in regard 
to the osseous system : — 

In the development of the atcloton of the common frog, a fibrous and cartilaginous 
finamework is originally laid down conformably with the aquatie habits and life of tho 
larva, A large cartilaginous cranium with four bi^mal arebes, and one of these supporting 
the framework of the branchial apparatus, — a sliort series of fibro-cartilaginous verta- 
hro3, minus the hsemal arches, in the trunk, and a seriea of fibrous septa diverging flrom 
the fibrous capsule of the nQtochordf and defining and giving attachment to the mus* 
cular segments along the tail, — constitute the skeleton of the newly hatched todpolo. As 
it grows, ossification begins \ but only in those part of the skeleton which arc to he 
retained in the future ^g. Thus, the eentroms and neurapophysea of the head and 
trunk are ossified, but not those ef the tali In the trunk, ossidcation of the vertebral 
body proceeds oentripetally by layers, successively diminishing in extent, and conical 
Interspaces are left:, consisting of the changed fibroua capsule of the notochord with the 
iiidosGd gdatinoua colla, their Li^piefied contents farming the balk of fiuid, between the 



METAMORPHOSES OF THE FROG's SKULL. 



189 



biconcaye yertebrse, as in fishes. But ossification proceeds to fill up the hinder cayity of 
the centrum, and to project into the front cayity of the succeeding yertebra, with which 
it is finally connected by a synoyial ball-and-socket joint. Thus, the firmer interyertebral 
articulations are established, which adapt the yertebral column to the support of a body 
which is to be suspended upon limbs, and transported by them along the surface of the 
dry ground. Whilst this change is proceeding, the tail is undergoing rapid absorption, 
the retained fibro-cartilaginous condition of its yertebrae rendering them more ready for 
remoyal. In tho last fused rudiments of the caudal yertebrss, ossification extends con- 
tinuously, and the peculiar style (Fig. 12), e, at the end of the yertebral series in the frog 
and other tail-less batrachiaos, is thus established. 

In the conyersion of the biconcave into cup-and-ball yertebrae in batrachian lanraD, 
ossification commonly, but not always, pro- 



ceeds to obliterate the hinder cayity. In 
the land salamanders, howeyer, it extends 
fix)m the front cayity ; so that in the adult 
yertebrsB the ball is anterior, and the cup pos- 
terior, as in certain salamandroidfishes — e, ff., 
Upidostem. In those batrachians that retain 
more or less of the branchial apparatus, with 
the outward form and natatory tail adapted 
to aquatic life, the yertebrae of the tail are 
ossified like those of the trunk, but the bicon- 
caye structure and interyening gelatinous 
joints are retained throughout life. 

The chief changes which take place iu 
the conyersion of the cartilaginous skull of 
the larya to the ossified one of the imago, 
or perfect frog, are seen in the shape and 
relatiye position of the haemal arches and 
their appendages — i. e., of the maxillary, 
mandibular, hyoid, and scapular arches. 
The maidllary arch expands in breadth, 
the mouth widens, and the homy mandibles 
are shed. As the mouth advances forwards, 
the tympanic pedicles are elongated, and are 
placed more obliquely ; their proximal end 
retrograding from tho post-frontal to the 
mastoid region of the skull, and their dis- 
tal end inclining forwards with the attached 
lower jaw, Nos. 29, 33, on which the denticles 
now begin to be developed. For the still more 
extraordinary changes of the hyoid arch. 
No. 41, and its branchial appendages, No. 46, 
the student is referred to Duge's " Recher- 
ches sur TOsteologie des Batraciens," 4to, 
1835 ; and to the writer's " Archetype of the 
Vertebrate Skeleton," pp. 70, 71. 



Fig. 12. 
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The scapular arch, which was dose to the occiput, whilst protecting and supporting 
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th* braodual bcorfe — itfl prLmary function. — begins, as the nidimeuti! of the fbre- 
limbe bud out, to recede bockwanjU^ like Uie mandibular and bramuhial arch^ but 
to ft greater extent, the attoc^kment ta the occipital &tgmGnt being wholly lost. The 
icuptllar and ooracoid poilioziB of tlie Eirch bocomo first ossiHed ; the euprascapuki' 
pkt* remainfl long cartilaginouB, and alwajrs partly ho ; Ibe vtemum ia developed in pro- 
portioiL a& the hyuid areh is reduoed, and thu branoHal ojchea are remoYod ; thus & 
Btrong fulcrum ia completed for the articulation, of the ehoudder-jointa. The p^lTic sm^ 
had previously boen otjmpletGd^ and the iliae bonea acd Bidss of the sacrum become 
co-elongated : then the ilia continue to extend baekwarda a^ the toil ia being absorbed, 
and the hind-limbB arc lengthenEd out and fijiiBhed. 

Th\^ metainorphosEd, the skeleton of the frog pr(iai?nta the following structure 
(Fig* 12) ;— The number of vertebriae of the truni, excluflive of the coiygeol style, c, ia 
nina ; the fix&t, or aflas, has no diapophyaes, but thoao are present and long on the reat^ 
especially on the thii^, d, and ninth, *, "vertebne ; in tbe latter they are thick, stand out- 
wards, and support two other long, carved^ lib-like bones, 63, which expand at their distal 
endfl) and unite to two bony plfttes, 63, completing the ^^^^m al arch of the ninth segment of 
thsj trunk. The bones of the binder extreuiilks are attached to thf* point of union of the 
above costal and hn^mal piecca, one of which answers to the iliiun^ €2, and the other to 
the ischium, 63. The superior dcTdopmont of this arch relates to the great sizo and 
strength of the hinder fiitremitios in the tail-leaa tribe. The bodies of the vertebrse 
aro ordeulated by ball-and-aockct joints, the cup being BirtBiriot,. the ball pofltcrior, a 
modi6.catlon which relates to the more terrestrial habits and locomLOticHi of these hig her.> 
organiised batraehia. The caudal vertobro) aro rcpreBented by a single, elongated, 
cyliudriual style, e, haying an anchylosiid neural caxial. In the seven vertebr®, bijtweBii 
ths atlas and the sacrum, two lygapopophyses, looking upwards, two isj-gapophyaea, ri 
locking downw^ardB, and a short spine, ai'o developed irotn each neiural arch. 

Ilu3 supraaoapula, 50, is Ttuy broad, and in great part ossified; the acapnia, 51, 
divides at its humoral end into aa acrotniid and coracoid proeesa; the latter artioidatoe 
with tho true coracoid bone, 52, the acromion with the expanded eitrcmity of the 
elavide, 5& t the glenoid cavity ia formed by both the acapnia and the coracoid. Jln 
epktcmal bcme, 59, supporting a broad cartUage, is articulated to the me:«cial union of the 
clavidbs, from which a bony bar is eoniinued backwardB between the expanded and par- 
tially conjoined ends of tho coracoida. The atcmum, 60, is articulated to the postt'rior 
part of the eamo extremities of the coracoids, and supports a broad 'Vxiphoid'" cai-tilage. 

The proj^iianl end of the humenisj 53, is an epiphysis j the distal end presents a 
hemispherical hall between a small estLmal ridge, and a largu internal condyloid 
proeeag. The antibraehial bones have coalesced, but an anterior and posterior inden- 
tation at tb0 di£ctal half ^idieatea the radius^ 56, ahd ulna, 54: ; their distal artieukr 
extremitiea OM represtntod by a single Bpiphysis, The ulnar portion of the bono 
dofvelopes a short and broad olecranon, o. The bones of the carpal series now receive 
definite names, and are as fellows :— fFig. 12), s, ecapheid ; ^ lunare ; « and jv, cuneo- 
pisiforme ; i, trapezium j £r,trape;5oide3; in, mngnum', m, unciforme — hero two distinct 
bones. The first digit, I, has one bone, a metacarpal- the second digit, II, has a uieta^ 
carpal and two phalangea ; the thiid, III, the same ■ the fourth, IT, has a metaeurpai ai*a 
three phalanges ; and tlie fifth, Y, the same. 

Both the proiiinal ajid tho distal extremities of the femur, 65, are in the condition 
of epiphyses. The tibia and fibula ar^ conuato, 66 : a longitudinal impression on the 
^nt and back part of the ex^jonded distal end indicates their division, but a Mngle 
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eplph^sk^ partiaEy a^cLylosed^ fonm ihs proximal ex:ti^raity, and & hitnilai one the 
ji dietal cxtrLmity, of the eunnate 

bnjties; they are pcrfomtod near 
their middle^ from before hBt^k- 
wank, by p. vascular canal. The 
tarinl bone«9 are now distinguialiBd 
by names. 

Th^ aatragflliifl, m^ and calea- 
neunif ct^ are mnch elongate ; the 
* farmer is filightly bent, the latter 
sti'aight ; they bave coaleseed at 
their pirosinLol and ako at Lheir hia- 
tal c:£treinitieg mth each otker^ and 
with the scapboid, Bj ftnd eiuboLd, ^, 
bone*. Thre« ounpif orm boncs^ ^j <?^ 
remain detaehed, and inimediately 
Bupport the tbree inner toea and a 
cartilBginouB appendaga. The jSr«t 
toe,, V and a&iKind toe, iV, hare each 
a matatarBal and two phalange; 
tJie third tov., iu, boa a metatajnaat 
and three pbalanges; the fourth 
toe^ iVf has a metatarsal and four 
phalanges \ the fifth tjoCi % a me- 
tatarsi and throe phalanges^ The 
great length, and strength of the 
pehio archj and its appendages, 
the Mnd-limba,, give the frog tha 
power of G3cpciitiiig tbo long leaps 
for wbich it is proverbial. 

AH the batrachia preaent this 
structure in eommon with ii&hes, 
viz. J that the ribs of the trunks 
when present, Eire froe^ consist only 
of " plfruTEipophyses," and do not 
encompass the thorade-abdomiiml 
C!4Yity* Tbo absonee uf unyielding 
o^eous girdlos at tiiis part seoma 
to relate to a peculiarity of their 
gynerution, yiz., the almost simnl- 
tanc^ous ripening of the sperm- 
cells and oya, C4iusing a great and 
sudden distension of the abdomen 
at tbo brooding period. 

O&teoLogy of tlifi Ophidic, 
or Serpent Tribe*— Tborc are 
cert ivin tropical Lmd batrachia— the 
Ceciliffi^ ff- ffn — ^inwhidithB body is 
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OS long and slender as in serpents, includes almost as numerous yertebrsB, and is devoid 
of all trace of limbs. But the osteology of the typical Ophidian reptiles differs from 
that of the batrachians in the more elongated ribs ; in the distinct basi- and super- 
occipitals ; in the superoccipital forming part of the ear-chamber ; in the basioccipital 
combining with the exoccipital to form a single articular condyle for the atlas ; in the 
ossification of the membranous space between the elongated parietals and the sphenoid; 
in the constant coalescence of the parietals with one another ; in the constant confluence 
of the orbitosphenoids with the £x)ntals, and in the meeting of the orbitosphenoids below 
the prosencephalon, upon the u^^er surface of the presphenoid ; in the presence of dis- 
tinct postfrontals, and the attachmAit thereto of the ectopterygoids, whereby they form 
an anterior point of suspension of the lower jaw, through the medium of the pterygoid 
and tympanic bones ; lastly, in the connation of the prefrontals and lacrymals. 

In studying the osteology of the head of the python, as the type of the Ophidian 
Order, by the aid of the following description, the student may compare the disarticu- 
lated skull, No. 628, with that of the large skeleton, No. 602, in the Museum, Boyal 
College of Surgeons : the bones are numbered as here referred to. 

The basioccipital, 1, is subdepressed, broadest anteriorly, subhexagonal ; smooth 
and concaye at the middle aboye, with a rough sutural tract on each side, and a hyp- 
apophysis below, produced into a recurved point. The hinder facet of the basioccipital 
is convex, forming the lower half of the occipital condyle, which is supported on a short 
peduncular prolongation. The basioccipital unites above and laterally with the 
exoccipitals and alisphenoids, and in front with the basisphenoid, upon which it rests 
obliquely, and it supports the medulla oblongata on its upper smooth surface. 

The exoccipitals, 2, 2, are very irregular subtriangular bones ; each is produced 
backwards into a peduncular process, supporting a moiety of the upper half of the 
occipital condyle. The outer and fore part of the exoccipital expands into the irregular 
base of the triangle : it is perforated by a slit for the eighth pair of nerves ; it articu- 
lates below with the basioccipital ; it is excavated in front to lodge the petrosal cartilage, 
where it articulates with the alisphenoid ; it imites above with the superoccipital. Tlie 
superoccipital, 3, is of a subrhomboidal form, sends a spine from its upper and hinder 
surface, expands laterally into oblong processes, is notched anteriorly, and sends down 
two t^^Ti plates from its under surface, bounding on the mesial side the surfiEUJe for the 
cerebellum, and by the outer side forming the inner and upper parts of the acoustic 
cavities. The superoccipital articulates below with the exoccipitals and alisphenoids, and 
in front with the parietal, by which it is overlapped in its whole extent. The occipital 
vertebra is as if it were sheathed in the expanded posterior outlet of the parietal one 
(Fig. 17), the centrum resting on the oblique surface of that in front, and the anterior 
base of the neural spine entering a cavity in and being overlapped by that of the pre- 
ceding neural spine : . the analogy of this kind of " emboitement" of the occipital in the 
parietal vertebra with the firm interlocking of the ordinary vertebrae of the trunk is very 
interesting : the end gained seems to be, chiefly, an extra protection of the epencephalon 
—the most important segment to life of all the primary divisions of the cerebro-spinal 
axis. The thickness of its immediately protecting walls (formed by the basi-, ex-, and 
super-occipitals) is equal to that of the same vertebral elements in tiiie human skull, but 
they are moreover composed of very firm and dense tissue throughout, having no 
diploe : the epencephalon also derives a further and equally thick bony covering from 
the basisphenoid and the parietals, the latter being overlapped by the mastoids, which 
form a third covering to the cerebellum. 



STRUCTURE OF THE SKULL OF THE PYTHON. 193 

The basisphenoid, 5, and presphenoid, 9, form a single bone, and the chief keel of 
the cranial superstructure. The posterior articular surfSsuie looks obliquely upwards 
and backwards, and supports that of the vertebral centrum behind, as the posterior ball 
of the ordinary vertebrsB supports the oblique cup of the succeeding yertebrsB ; here, 
however, all motion is abrogated between the two vertebrae, and the co-adapted sur- 
faces are rough and suturaL The basisphenoid presents a smooth cerebral channel 
above for the mesencephalon, in £x)nt of which a deep depression (sella) sinks abruptly 
into the expanded part of the bone, and there bifurcates, each fork forming a short cul- 
de-sac in the substance of the bone. 

The alisphenoids, 6, form the anterior half of the fenestra ovalis, which is completed 
by the exoccipitals ; and in their two largo perforations for the posterior divisions of 
the fifth pair of nerves, as well as in their relative size and position, the alisphenoids 
agree with those of the frog. Each alisphenoid is a thick suboval piece, with a tuber- 
cular process on its under and lateral part ; it rests upon the basisphenoid and basi- 
occipital, supports the posterior part of the parietal and a portion of the mastoid, 8, and 
unites anteriorly with the descending lateral plate of the parietal bone. 

The parietal, 7, is a large and long, symmetrical, roof- shaped bone, with a median 
longitucUnal crest along its upper surface, where the two originally distinct moieties 
have coalesced. It is narrowest posteriorly, where it overlaps the superoccipital, and 
is itself overlapped by the mastoid : it is convex at its middle part on each side of the 
sagittal spine, and is CQntinue4 downwards and inwards, to rest immediately upon the 
basisphenoid. This part of the parietal seems to be formed by an extension of ossifica- 
tion along a membranous space, like that which permanently remains so in the frog, 
between the alisphenoid and orbitosphenoid : the mesencephalon and the chief part of 
the cerebral lobes are protected by this unusually developed spine of the mesencephalic 
vertebra. The optic foramina are conjugational ones, between the anterior border of 
the lateral plate of the parietal and the posterior border of the corresponding plate of 
the frontal. 

The frontals, 11, rest by descending lateral plates, representing connate orbito- 
sphenoids, 12, upon the attenuated, pointed prolongation of the basisphenoid : the upper 
surface of each frontal is flat, subquadrate, broader than long in the boa, and the 
reverse in the python, where the roof the orbit is continued outwards by a detached 
supcrorbital bone : there is a distinct, oval, articular surface near the anterior median 
angle of each frontal to which the prefrontal is attached : the angle itself is slightly 
produced, to form the articular process for the nasal bones. The smooth orbitosphenoid 
plate of the frontal joins the outer margin of the upper surface of the frontal at an acute 
angle ; the inner side of each frontal is deeply excavated for the prolongation of the 
cerebral lobes, and the cavity is converted into a canal by a median vertical plate of 
bone at the inner and anterior end of the frontal. The frontals join the parictals and 
postfrontals behind, and, by the anchylosed orbital plates, the presphenoid below, the 
prefrontals and nasals before, and the superorbitals at their lateral margins. The 
orbitosphenoid s have their bases extended inwards, and meet below the prosencephalon 
and above the presphenoid, as the neurapophyses of the atlas meet each other above the 
centrum. The anterior third part of such inwardly-produced base is met by a downward 
production of the mesial margin of the frontal, forming a septum between the olfactory 
prolongations of the brain, but is not confluent with the frontal bone : the outer portion 
of the orbitosphenoids ascends obliquely outwards, and is confluent with the under part of 
lie frontal ; it is smooth externally, and deeply notched posteriorly for the optic foramen. 

ORGANIC NATURE.— No. Yll. ^ 
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Tke post*ih)iLta], 12^ ia n modorately long triheiml Iwjne, aTtumlflted l>j ite esrpanded 
ca-anial Gtad to the froutal and pELrietal, and bent down to rest upon tlio outer and fore 
angle of tins cctopterygoid^ It doeg not reach that bone in the boflj nor in poisonons 
BCrpenta. In both tbc boa and python it recoives th« anterior sharp angle of the 
parictAl in a notch. 

Tho natural augment which tenmuatoa the cnmium anteriorly^ end ia fcimed hy tho 
^ttmesdue^ pT^&ontal, and nasaJ boneS| is very didinef; in the ophidians* 

Tho TmneTj 13^ i& divided, hb in aalamandnoid fishes and batroohians, hnt ra edentu- 
lous I eash half is a long, narroTf plate,^ smooth and conTCx below, concaye aboviis, with 
the inner margin slightly raised ; pointt?d anterioTly^ and with two procesaefi, amd an 
intervening notch ahorc the ba&e at tho pointed end* The ptefrontalai 14, aio connate 
with the laorymala, 73. The two bonos whicli interveno between the Yomerine and 
noafll bones lire the turbiniilaj 1& ; tlioy are bent longitudinally outwards in the form of 
a seJnicylinder about the termination of tho olliietory nerves. 

The Bpine of the mtsal yortebra is divided symmetriczdly, as in the firog, fomnng the 
nasal bonesi, lo ] they are elongated, bent platea, with the shorter npper part ardifng 
ontwards and downwai-da, eompkting the ulfaijtory e^mal above, and with a longer 
TTiftflian platej forming a Tertical wali, applied elosely to its fellow, c:^cept in. front, 
where the naaal proc^a of the iiremaxilhuy is rcecived in the interspace of tho 
nasals. 

The acoustio capsule remaina in great part eartilaginoiia ; thero is nrt detached centre 
of ofitiEeation in it ; to whatever extent thlii eapsule ia ossified, it is by a continuous 
catension fram the alisphenoid. The sclerotic capsule of the eye is chicrfly fibrauB, 
with a thin inner layer of cartilage j tho olfactory capsule ii iii a great measure 
ossiitod, afl above described. 

Mamlllftxy Arch,— The paLatiup, 20, or fiist piece of this nrch, ia a strong, oBoug 
bone, having the inner side of its obtna^ anterior end appli^ to tho aides of the 
prefrontsls and turbiuab, and, near its posterior end, sending a short, thick process 
upwards and inwards for Egameiitons attachment to the kcrymal, and a second 
sicailar proE^css outwards as the point of su^penaion of the niaxiHary bone. Between 
these piioeeBsea the palatine is pcrforatedj aud behind them it terminates in a point 

Tlie chief part of £hc maxillary, 21 (Fig. 14), is con- 
tinned forwards :&om its point of suspensioa, increas- 
ing in deplJj, and tiirminating obtnady j a short*^ 
process is also, as usual, continued baek^'aids, and 
terminates in a point. The point of auspenaion of 
the maxillary forms a short, narrow, palatine pro- 
ecaa. A space oeeupied by elastic ligament inter- 
venes between the maxillary and the prcmaidllary, 
22j which is single and symmetricalj and firmly wedged 
intu the' nasal interspace j tbe anterior expanded part 
of this amnll triangular bono supports two teeth. Thus the bony maxillary natih ia 
interrupted by two ligamentoiia intervals at the sides of tlie prcmadllaiy key-bone, in 
funetienal relation to the pooolior independent movements of the maxillary and palatine 
bones required by serpents during the act of engulfing their usually lar:ge prey. Two 
hones extend bacfc^-ardij as appendages to the maxillarj' arch t one i? the ^* pterygoid,** 
24, iromtlie palatine ; the other the ectopterygoid, 25, from the maxillary^ The ptery- 
guid is continued from the posterior extremity of tho palatine to abut agninst tbe 
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eaid of tbe tympanic pedicle ; the under part of the antexioar half of the pterygoid is 
heset with teeth. The ectopt^ygoid, 25, oyerlaps the posterior end of the nuudllary, 
aad is articulated by its postedor-ohliqudy cut eaid to the outer surface of the middle 
expanded part of the pterygoid. 

ZSandibnlaz AxoJu— The tympanic bone, 28 (Figs. 14 and 15), is a strong trihedral 
pedicle, articulated by an oblique upper surface to the end of tiie mastoid, and expanded 
transversely below to form the antero-posterioily convex, transv^sely concave, condyle 
for the lower jaw. This consists chiefly of an articular and a dentary, with a small 
coronoid and splenial, piece. The articular piece ends obtusely, immediately b^iind 
the condyle ; it is a little contracted in fixmt of it, and gradually expands to its middle 
part, sends up two short processes, then suddenly contracts and teiminates in a point 
wedged into the post^or and outer notch of the dentary piece. The articular is deeply 
grooved above, and produced into a ridge below. The coronoid is a short compressed 
plate ; the splenial is a longer, slender plate, applied to the inner side of the articidar 
and dentary, and closing the groove on the inner side of the latter. The outer side of 
the dentary offers a sing^ perforation near its anterior end, which is united to that 
of the opposite ramuis by elastic ligament. 

By the above-described mode of union of the extremities of the maxillary and man- 
dibular bones, those on the right side can be drawn apart from those on the left, and 
the mouth can be opened not only vertically, as in other vertebrate animals, but also 
transversely, as in insects. Viewing the. bones of the mouth that support teeth in the 
great constricting serpents, they offer the appearance of six jaws — ^four above and two 
below ; the inner pair of jaws above are formed by the palatine and pterygoid bones, 
ihe outer pair by the maxillaries, the under pair by the mandibles, or ** rami," as they 
are termed, of the lower jaw. 

Each of these six jaws, moreover, besides the movements vertically and liBiterally, 
can be protruded and retracted, independently of the other : by these moivementa the 
boa is enabled to retain and slowly engulf its prey, which may be much larger than its 
own body. At the first seizure the head of the prey is held firmly by the long and sharp 
recurved teeth of aU the jaws, whilst the body is crushed by the overlapping coils of the 
serpent ; the death-struggles having ceased, the constrictor slowly imcoils, and the head 
of the prey is bedewed with an abundant slimy mucus : one jaw is then imfixed, and 
its teeth withdrawn by being pushed forward, when they are again infixed, further back 
upon the prey ; the next jaw is then unfixed, protruded, and reattached ; and so with 
the rest in succession — this movement of protraction being almost the only one of which 
they are susceptible whilst stretched apart to the utmost by the bulk of the animal 
encompassed by them ; thus, by their successive 
movements, it is slowly and spirally introduced 
into the wide gullet 

The bones of the mofuth, in the poisonous ser- 
pents, have characters distinct from those of the 
constricting serpents. These characters consist 
chiefly in the modification of form and attach- 
mente of the superior maxillary bone (Fig. 15), pj^ u._8kitix of a roi»o«ou8 bnakb. 
21, which is moveably articulated to the pala- 
tine, ectopterygoid, and kcrjrmal bones ; but chiefly supported by the latter, which 
presents the form of a short, strong, three-sided pedicle, extending from the 
anterior extemal angle of the frontal to the anterior and upper part of themaxiUary. The 
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articular surfeu^e of the maxillary is slightly concave, of an oval shape ; the surface arti- 
culating with the eotopterygoid on the posterior and upper part of the maxillary is smaller 
and conyex. The maxillary bone is pushed forward and rotated upon the lacrymal joint 
by the adyance of the ectopterygoids, which are associated with the moyements of the 
tympanic pedicle of the lower jaw by means of the true pterygoid bones. The pre- 
maxillary bone (Fig, 13), 22, is edentulous. A single, long, perforated poison-fang is 
anchylosed to the right maxillary, and sometimes two similar fangs, as in the cobra 
figured in Cut 13. The palatine bones have four or fiye, and the pterygoids from eight 
to ten small, imi>erforate, pointed, and recurved teeth. The frontal bones are broader 
than they arc long ; there are no superorbitals. A strong ridge is developed from the 
under surface of the basisphenoid, and a long and strong recurved hypapophysis from 
that of the basioccipital ; these give insertion to the powerful " longi-colH" muscles by 
which the downward stroke of the head is performed in the infliction of the wound by 
the poison-fangs. 

The characteristics of the trunk- vertebrae of the ophidian reptiles are as follow : — 
The autogenous elements, except the plcurapophyses (Fig. 16), plj coalesce with one 
another in the vertcbrte of the trunk ; and the plcurapophyses also become anchylosed 
to the diapophyses in those of the tail. There is no trace of suture between the neural 
arch {ib.), n, and centrum, e. The outer substance of the vertebra is compact, with a 
smooth or polished surface. The vertebrce are " proccelian ;" 
that is, they are articulated together by ball-and-socket joints, 
the socket being on the fore part of the centrum, where it 
forms a deep cup with its rim sharply defined; the cavity 
looking not directly forwards, but a little downwards, from the 
greater prominence of the upper border ; the well-turned pro- 
minent ball terminates the back part of the centrum rather more 
obliquely, its aspect being backwards and upwards. The hypa- 
pophysis, hf/j is developed in different proportions from differ- 
ent vertebrsB, but throughout the greater part of the trunk pre- 
sents a considerable size in the cobra and crotalus (Figs. 13 
viRTEBOA OP THE ^ jgx j j^ ^ shortcr iu the python and boa. A vascular canal 

perforates the under surface of the centrum, and there are 
sometimes two or even throe smaller foramina. In the python a large, vertically 
oblong, but short diapophysis extends from the fore part of the side of the centrum 
obliquely backwards : it is covered by the articular surface for the rib, convex length- 
wise, and convex vertically at its upper half, but slightly concavo at its lower half. 
In the rattlesnake the diapophysis developcs a small, circumscribed, articular tubercle, 
dy for the free vertebral rib or pleurapophysis, pi ; a parap'ophysis, p, extends down- 
wards and forwards below the level of the centrum ; the anterior zygapophysis, c, 
seems to be supported by a similar process from the upper end of the diapophysis. 
The base of the neural arch swells outward from its confluence with the centrum, and 
developes from each angle a transversely-elongated ' zygapophysis ; that from the 
anterior angle looking upwards, that from the posterior angle downwards, both sur£eu2es 
being flat, and almost horizontal, as in the batraohians. The neural canal is narrow ; 
the neural spine, w«, is of moderate height, about equal to its antero-posterior extent ; 
it is compressed and truncate. A wedge-shaped process (the "zygosphene"), sw, is 
developed from the fore part of the base of the spine ; the lower apex of the wedge being, 
as it w^e, cut oS, and its sloping sides presenting two smooth, flat, articular surfaces. 
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This wedge is received into a cavity (the " aygantrum") excavated in the posterior 
expansion of the neural arch, and having two smooth articular surfeu^es to which the 
zygosphennl surfaces are adapted. 

Thus the vertehrse of serpents articulate with each other hy eight joints in 
addition to those of the cup and hall on the centrum ; and interlock hy parts reci- 
procally receiving and entering one another, like the joints called tenon-and«mortice in 
carpentry. In the caudal vertebrae, the hypapophysis is double, the transition being 
effected by its progressive bifurcation in the posterior abdominal vertebrae. The 
diapophyses become much longer in the caudal vertcbrse. and support in the anterior 
ones short ribs which usually become anchylosed to their extremities. 

The pleurapophyses or vertebral ribs in serpents have an oblong articular sur&oe, 
concave above and almost flat below in the python, with a tubercle developed from the 
upper part, and a rough surface excavated on the fore part of the expanded head for the 
insertion of the precostal ligament. They have a large medullary cavity, with dense 
but thin walls, and a fine cancellous structure at their articular ends. Their lower 
end supports a short cartilaginous hsemapophysis, which is attached to the broad and 
stiff abdominal scute. These scutes, alternately raised and depressed by muscles 
attached to the ribs and integument, aid in the gliding movements of serpents ; and the 
ribs, like the legs in the centipede, subserve locomotion ; but they have also accessory 
functions in relation to breathing and constriction. The anterior ribs in the cobra (Fig. 
13), pi J are unusually long, and are slightly bent ; they can be folded back one upon 
another, and can be drawn forward, or erected, when they sustain a fold of integument, 
peculiarly coloured in some species — e.ff., the spectacled cobra— and which has the effect 
of making this venomous snake more conspicuous at the moment when it is about to 
inflict its deadly bite. The ribs commence in the cobra, as in other serpents, at the 
third vertebra from the head. 

The centrum of the first vertebra coalesces with that of the second, and its place is 
taken by an autogenous hypapophysis : this, in the python, is articulated by suture to 
the neurapophyses ; it also presents a concave articular surface anteriorly fur the lower 
part of the basioccipital tubercle, and a similar surface behind for the detached central 
part of the body of the atlas, or " odontoid process of the axis." The base of each 
neurapophysis has an antero-intemal articular surface for the exoccipital tubercle, the 
middle one for the hypapophysis, and a postero-intemal surface for the upper and lateral 
parts of the odontoid j they thus rest on both the separated parts of their proper cen- 
trum. The neurapophyses expand and arch over the neural canal, but meet without 
coalescing. There is no neural spine. Each neurapophysis developes from its upper 
and hinder border a short zygapophysis, and from its side a still shorter diapophysis. 
In the second vertebra, the odontoid presents a convex tubercle anteriorly, which fills 
up the articular cavity in the atlas for the occipital tubercle ; below this is the surface 
for the hypapophysial part of the atlas, and above and behind it are the two surfaces 
for the atlantal neurapophyses. The whole posterior surface of the odontoid is 
anchylosed to the proper centrum of the axis, and in part to its hypapophysis. 
The neural arch of the axis developes a short ribless diapophysis from each side 
of its base ; a thick sub-bifid zygapophysis from each side of the posterior margin ; 
and a moderately long bent-back spine from its upper part. The centnun termi- 
nates in a ball behind, and below this sends downwards and backwards a long 
hypapophysis. 

At the opposite extreme of the elongated body, two or three much simplified 
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Tertetras arc \iiiiallf found Ijleiidtjd together. In trno serpenta there are no ecapa- 
lar itrcJi and appendages, no etemiiraj no sajCTiiin; hut a pair of slender boneSj 
oflon eupporting a s&cond bone, armed witK a claw^ ar^j found snE^ended on the fleah 
near the rent. The exposed parts of tlieae appendages are called ^* anal hockka ;" the 
pELita them^lre^} like the i^iinilarly eixs^nded yentral fins of 1^ pike, are mdiiziGnia of 
kind Hmbs, i 

Serpents have bot^n i^pidod na aninydfl d^raded frmn. a hlglior ty^ ; but their 
whok oi^ganiEation, and ospeclfllly their bonj itruicturc, demonstrate that Ifhcir parts 
arc m enjuisitelj adjuatod to tho form of their irhole, and to tlioir habita and spkero of 
life, as is the oTganiaation of utiy ammol which tto call superiur to them. It is true 
tbit the serpent has no limbs, yet it can outcUmb the monkeyj oTitswim the fish, ontleap 
tlie jcrhoa, and, suddenly loosing the close coils of its croudiiiig spimlj it cim spring into 
the flir and acize the bird npon the wing : nil these crGaturea hare hecn obgerred to fiall 
iia prt?T. "Hie serpent ha^ ncithtjr hands nor talons, yet it can outTrreBtle the athlete 
and cmah the tiger in the embrace of its ponderoiii OTerlapping folds* Instead of 
licking up ita food as it glides ^ong, the serpent uplifts itis crushed prey, and presents 
it, grasped in the death- coil as in a hand, to its .slimy gaping month* 

It 15 tmly wonderful to see the work of liandj, feet, and fliis performed by a. modi- 
Bcation of the Tertobral column — by a multiplication of its segments with mobility 
of ita ribs. But the rertebnu arc speeially modified^ as ire have seen, to eompenaate, 
by the strength of their numerous articulations, for the weakness of their manifold 
repetition, and the eonseqticnt elougation of the slender eolumn. As serpenta move 
ehiefly on tho surfaee of the earth, their danger is greatest from i>re]?siirc and blows 
from ahnve ; all the joints art? faahioned aeeordingly to resist yielding, nnd sustain 
pneBsure in. n yertieal directioii ; there is no natural undulation of the body upwards 
and dninTvwards — it is permitted only from side to side. So closely and compactly do 
the ten pairs of joints between each of the two hundred or tkree himdred vertebra fit 
together, that even in the relaxed and dead state the body cannot be twisted except in 
a series of side eofls. In the constmclton of the skull, which has merited a doacription 
in some detail, and wcU deserrca a close study, tlic thickness and density of the cranial 
bones must strike the mind as a ispecial provision against fraeture and injury to the 
bmin. When we contemplate tlie still more remarkable maimer in which these bones 



art* applied, one over another, the superocci- Kf. 17. 

pital (Fig. 17), 3^ overlapping the exoecipitalj4, 

and the parietal, 7, overlapping the superocci- 

pital, — tho natural segments or vertebras of the 

eramnm being sheathed, one within the other, 

Uke the eorrespondiug segmenta in the tmnk^ 

— wo cannot but discern a Pi>eeial adaptation in 

the structure of seipents to their commonly 

prontj position, and a provision, exempli Eed in 

such atructurej of the dongers to which they 

would he subject fe>m falling bodies and the tread of heavy heaata. Many other 

WTudly heautiful instunces of design might be cited from the organisation of serpents, 

iu relation to the necessities of their apodal vennLfonn character -, JTi&t as the snake-like 

eel h compensated by analogous modifications amongst Miea, and the imako-liie eai- 

tipede among insects, 

Osieolcgy of Xlxaj4B-^-The transition from the ophidian^ or inakc-llto, to the 
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laoettian, or lizard-like reptiles, is yery gradual and easy, if we pass from the serpents 
with fixed jaws and a scapular arch— as, e. y., the slow-worms (anffui8)—4o the ser- 
peatifonn lizards with mere rudiments of limbs — ^as, e. ^., the psendopus. The difitino- 
tion is effected through the estaUishment of a costal arch in the trunk, completed by 
the addition of a luemal spine (sternum) and hsemapophyses (sternal ribs) to thepleur- 
apophyses or vertebral ribs, which are alone ossified in ophidia. 

The Tertcbrse of the trunk have the same procoeUan character, t. e, with the cup 
anterior and the ball behind ; the latter being usually less prominent, more oblique, 
and more transrersely oval than in serpents. The vertebrsB also are commonly larger, 
and always fewer in number than in the typical ophidia. The ribs do not begin to be 
developed so near the head in lizards. Not only the atlas and dentata, but sometimes, 
as in the monitor {varanut), the four following vcrtebrsB ore devoid of pleurapophyses ; 
and wlien these first appear they are short, and sometimes (as in cyclodm) expanded at 
their extremities. They rapidly elongate in succeeding vertebrae, and usually at the 
ninth from the l^pad {ct/clodusy iguana) f or tenth {yaranus)^ they are joined throu^ 
the medium of ossified hasmapophysea to the sternum ; two {varantu)f three (ehameleoy 
igttana), or four {eyehdm), following vertebras are similarly completed ; and then the 
haemapophyses are either xmited below without intervening sternum (e/iameieo), or two or 
three of them are joined by a common cartilage to the cartilaginous end of the sternum. 
The haemapophyses afterwards project freely, and are reduced to short appendages to 
the pleurapophyses. These also shorten, and sometimes suddenly, as, e.g., after the 
eighteenth vertebra in the monitors (varanua), in which they end at the tweaty-eighth 
vertebra, as they began, viz., in the form of short straight appendages to tiic dia- 
pophyses. 

!nie flying lizard {Draeo wUrns), is so ealled on account of the wing-like expansions 
from the sides of its body, supported, like the hood of the cobra, by slender dongated 
ribs. In this little lizard there are twenty vertobraB supporting moveaUe ribs, which, 
commence apparently at the fifth. Those of the eighth vertebra first join the sternum, 
as do those of the ninth and tenth ; the pleurapophyses of the eleventh vertebra sud- 
denly acquire extreme length; those of tbe five following vertebrae are also long and 
slender ; they extend outwards and backwards, and support the parachute formed by 
the broad lateral fold of the abdominal integuments. The j^urapophyses of the seven- 
teenth vertebra become suddenly shorter, and these elements progressively diminiyli 
to the sacrum : this consists of two vertebrae, modified as in other lizards. There arc 
about fifty caudal vertebra). 

The semi-ossified sternum in the iguana has a median groove and fissure, and 
readily separates into two lateral moieties. The long stem of the epistemum covers 
the outer part of the groove, where it represents the keel of the sternum in birds. 

In the skull of the lizard order we first meet with a second bony bar, diverging 
from the maxillary arch baokwards, and abutting against the mastoid, and sometimes 
also against the tympanic and postfrontal. This bar is called the " zygomatic arch ;** it 
usually consists of two bones — the one next the maxillary is the "malar," 26, the 
one next the mastoid is the " squamosal," 27 ; it assumes a form meriting that name in 
the tortoise, and first received it, as " pars squamosa," in man, where it is not only 
like a great scale, but becomes confluent with both the mastoid and tympanic. But, as has 
been before remarked, we must use the terms invented by anthropotomists as arbitrary 
signs of the corresponding bonos in the lower creation. 

The scapula in the monitor (varanua) is a triangular plate with a convex bMe, a 
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concaro hmd border^ and u nearly Btmlght front border ; the apei^ is thick and tnii^c^ate, 
With on QvaX siarface divided into two facets* The Miid border forms a paii; of the 
glenoid carity ; the front ono is a rough epiphjsM sur&ce, contintiotis with a fimilar 
hut BBirower tracts extending upon the anterior hoideri and hj ivhich the ^capuhi 
articulates with the eoraeoid. In the iguaniims and scincoida this synchondrosis is 
obliterated^ imd the two bonE^ aru couHuent, The hind border of the scapula is nem'l j 
straif ht — the front one ecndB forwoidB a proccm dividing it inio two deep maT]gmatioi>3. 

The toraooid in both the YoxanuB and i^mna Is short and broad ; its main body, 
which articulates with the fltemum^ is shaped like on axe^blade, and ti^^o strong, iitraight, 
comprcjsfted processes extend forwards from its neck, which i^ perforated between the 
on^ns of tiiese proces&es and the part forming the glenoid artioulations* 

The claTioLea are simple gigmoid styles in ihc vaiwaus and Iguana; are bent upon 
thcmscl'reflj like the Aui^tralian boomerangs in Oie cydodns i and have the median part of 
the bend e:^anded and perforated in lacerta and sdnouSt They are absent in the 
chameleon. 

The sacral Tcrtebraj retain, in some laccrtianar the cup-and-ball jointa j and in 
these — e.^.j the scincoids— in which the ccntrtuns coalesce, the bind end of the second 
presents a ball to the firat caudal— not a cup, cts in the crocodile. In the cyclodos the 
thiclc, Rhort, straight pleurapophyses arc distinct at their origins from the two coalesced 
centrums, but coalesce at their ends, that of the first sacral being the thickest* In 
yaranus and iguana the pleurapophyseSf as well as the centrums, retain their dk^ 
tinetnosB^ but the hinder ribs Incline forwards and touch the expanded cndd of the fore 
pair. Theso ends are very thick^ and arc scooped out obliq^uely behind, so as to present 
a curved border to the ilium, which Cuvier compares to a horsc-ahoe. 

In &o varaniis and iguana the pleurapophy&es of the first caudal incline backwards 
as much as those of the second sacral do forwards. In the cyclodus they extend 
outwards?, parallol with thoss of the saenil vertehroj, and are longitudinally grooTCd 
bencatb. ir^jemapophyaes are wanting' in thi? first caudal, are developed in the seoond, 
and are displaced to the interval between this and the third ; they are couEuent at their 
distal end, and prodQced into a long spine. At the twelfth tail-vertebra the line is 
obvious that indicates the extent of the anterior detached piece, or epiphysis, of the 
centruM, immediately in front of the origin of the diapophyscs ; it continues marking 
oft the anterior third of the centrum in aE the other eaudals. At this line the tall 
maps off, when a lizard escapes by the common ruse of leaying the part of the tail by 
which it has been seized in the hands of the baffled pursuer. It is a very cimons cha- 
racter, and ^uitc peculiar to the laccrtians — this ossification of the ccntnun from two 
points and their incomplete coalescence : it adds nothing to the power of bending^ or 
to any other action of the tail^ but indicates a previMon of the liability to their being 
caaght by their long tail, and may be intorpretcd as a provision for thcLr escape* The 
neural arch has coalesced with the centrum throughout the tail i tlio epiphysial line does 
not extend through that arch ; but its tMn and brittle walls soon break, wheai the ti^-^o 
parts of the centrum arc forcibly separated. 

Li:eardsi, as is well known, have the power of reproducing the tail, but the vertebral 
axis is never ossified in the new-formed part. 

Osteology of" CiocodHca.— The numerous and varied fonna of fossil bones of 
extinct reptiles derive most elucidation from the skeleton of the higher organused eauda, 
I of Cuvier, which now are rightly held to constitute a distinct order, called Zork^tm or 
Cro^dilia : a more complete description, therefore, ^"ill bo given of the skeleton of 
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a member of this order than was deemed needful iu regard to the lacertian group of 
sauria. 



^... ^' o — 




Rg. 18.— SKKLWON OP THE caocoDiLB [Ct'oeodUus ntloticus) , 



Fig. 19. 




ATLAS AND AXIS TERTBBBJB OP 
THB CnOCOBILK. 



Commencing with the trunk, the first and second vertebrae of the neck are pecu- 
liarly modified in most air-breathing vertebrata, and 
have accordingly received the special names, the one 
of "atlas," the other of "axis." In comparative 
anatomy these become arbitrary terms, the properties 
being soon lost which suggested those names to the 
human anatomist; the "atlas," c.ff., has no power of 
rotation upon the " axis," in the crocodile, and it is only 
in the upright skeleton of man that the large globular 
head is sustained upon the shoulder-like processes of 
the " atlas." In the crocodile, these vertebrae are con- 
cealed by the peculiarly prolonged angle of the lower 
jaw in the side view of the skeleton (Fig. 18), and a 
figure of the two vertebrae is therefore subjoined (Fig. 19). The pleurapophyses, 
pi, are retained in both segments, as in aU the other vertebrae of the trunk. That of 
the atlas, pi, a, is a simple slender style, articulated by the head only, to the " hypapo- 
physis," aht/. The neurapophyses, wa, of the atlas retain their primitive distinctness ; 
each rests in part upon the proper body of the atlas, ca, in part upon tl^ hypapophysis. 
The neural spine, ns, a, is also here an independent part, and rests upon the upper 
extremities of the neurapophyses. It is broad and flat, and prepares us for the further 
metamorphosis of the corresponding element in the cranial vertebrae. 

The centrum of the atlas, ca, called the " odontoid process of the axis" in human 
anatomy, here supports the abnormally-advanced rib of the axis vertebra, plj x. The 
proper centnmi of the axis vertebra, ex, is the only one in the cervical series which 
does not support a rib ; it articulates by suture with its neurapophyses, nx, and is 
characterized by having its anterior surface flat, and its posterior one convex. 

With the exception of the two sacral vertebrae, the bodies of which have one arti- 
cular surface flat and the other concave, and of the first caudal vertebra, the body of 
which has both articular surfaces convex, the bodies of aU the vertebrae beyond the axis 
have the anterior articular surface concave, and the posterior one convex, and articulate 
with one another by ball-and-socket joints. This type of vertebra, which I have 
termed "procoelian" {jpos, before, koiKos, concave), characterizes all the existing 
genera and species of the order Crocodilia with all the extinct species of the tertiary 
periods, and also two extinct species of the green-sand formation in New Jersey.* 



• ** Quarterly Journal of the Geological Society,*' November, 1849. 
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Hci^Cj so fsr m our present kno'^ledge extends, tho type wa& lost) And otiicT diapositdoiLs 
of the articuIaT surface a" of tlie centrmn occur in tlio "vertcbrsD of tlic crocodilia of the 
oliier BCCOTidEiry foriuations. "Hid only Imown crocodilitm gonus of tkc periods ante- 
cedent to the clialk and green-Band deposits with ycrtcjbnjL'! firticulatcd together hy 
haU-and-sockBt jointe, hnYe the position of the cnp and the ball the rfverae of that in 
the mtidem crot^odilcs, and one genu% thus tharEUrterisicd by vcrtcbrB& of thje *' opistho- 
cceliEin*' tyite (airier ^of^ behind, Km^i^Sj concaYe), has necordlngly been termed atrepto- 
lipondyla.'?, signifying " vertehrjri reyci-sGd/' But the mo&t prcTalcnt type of Tertehra 
omoxi^t the cr<>codnia. of the secondary periods waa that in which both orticiiUr 
aurfa(^C9 of the centrum were concaTPj but in alcas degree than in the single coneeve 
surface of the vertchrse united by baE and socket. YettcbT® of this '* amphicajHan" 
type (atifi^ both, koiKos, concave) existed in the t^lcoBiiuma and steneosaurua. In 
the iehthyosaurus the concave surfaces arc nsiially dcepciicd to the extent and in the 
form shoMTi in those of the fish (Cut S) , Some of tho most gigantic of the croeodilia of 
the sH^coudory strata Lad one end of the v^ri;ebral ecntrum flattened, and the othe^ 
(hinder) end concave j this '^ platyeceliau" tj^io {irhorrus, flatj /coiAos, concave) we find 
in the dotssd and caudsl vertebrse of the gigantic cctiosaunig, 

IVith a few oxccptions, all the modem reptiles of the order iacertilla have tho 
same procoGlian t}^e of vertebrae as the modem rroeodilia, and the Ramc Htnictiu-e pre- 
vailed as far hack U!3 the period of the mosasaurusi and in some smoHer mcmhcrfl of tho 
laeertilian order in the ci'etaceons and wealden epochs. 

Hcsumhi^ the ftpeeial description of the osteology of the moton (srocodiliH, wo find 
the proecelian typo of centrum established in the third cervical, which is shorter bnt 
brooder Uuul the second ', a parapophysis is developed from the side of tho centrum, and 
a dlapophysis from the base of the neural arch ; the pleurapophysis is shorter, its fi^cd 
{extremity is bifid, artienlatuig to the two aboTo-named processes ; its fi^io cxtromity 
e^anda, and its anterior angle is directed forwards to abut n^inst the inner surface of 
tho mtromity of the rib of both the axis and athts, vihilst fU posterior prolongatioti 
overkps the rib of the fourth vertebra. The same general characters and imbricated 
coadaptation of the riba (Fig. 18), pl^ chaxacterke the succeeding cervical yertcbrm to 
the Bcvonth indusiTej the hypapophysis progressively thoughth slightly increasing in 
size. In tho eighth cervical tho rib becomes elongated and slender ; the anterior angle 
ia almost or quite suppressed, and the postmor one more developed and produced more 
downwards, so as to form the body of the ribj which termiiiateSj howeycr, in a free point 
In the ninth cervical, the rib h increased in length, but ia stiE what'would ho termed a 
*' iake" or ** floating rib '* in antbropotomy. 

In the sueceeding Ycrtcbra the pleurapophysis artitiulatcs with a hj^mapophj^Si 
and tho h^mal arch is completed by a hEenud ppine ; and by thia completion of tho 
typical segment wo distinguish the commencement of the aerioa of dorail Tertebitc (fA.), D. 
With, regard to the lo-caHed " ptrfomtion of tho transrerse process" this eq^ually oiists 
in the present vertebra, as in the cerdcala ; on the other hamlj tho cervical vcrtebrto 
e^nally show surfaces for the articulation of ribs* The typical charaetLrs of the sog* 
ment, duo to the oompletion of both neural and haemal arches, are continued in some 
speeies, of erocodilia to the aixtecnth, in some (rrocodilus atuliti) to the eight<?etit!i 
TertC'bra* In the croe&iUus a^tm and tho aUi^utar India the Jifutuapophysis of the 
eighth dorsal rib (soventeonth segment from the head) joim^ that of tlio antecedent vor- 
tobrfi. Tho pleurapophyscfl project fi'eely outwards, and become " floating ribs'* in the 
eighteonthj nineteenth^ and twentieth vertebne, in which thf y hocomo rapidly sharter, 
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and in ^e last appear as mere appendages to the end of the long and broad diapophjses : 
bcrt the hsemapophyses by no means disappear after the solution of their union with 
their plenrapophyses ; they are essentially independent elements of the segment, and 
tiiey are continued, therefore, in pairs along tiie ventral surface of the abdomen of the 
crocodilia, as far as their modified homotypes the pubic bones. They are more or less 
ossified, and are generally divided into two or three pieces. 

The lumbar vertebiw are those in which the diapophyses cease to support moveable 
pleurapophyses, although they are elongated by the coalesced rudiments of such 
which are distinct in the young crocodilia. T^e length and persistent individuality 
of more or fewer of these rudimental ribs determines the number of the dorsal and 
lumbar vertebrae respectively, and exemplifies the purely artificial character of the 
distinction. Tl\e number of vertebroB or segments between the skull and the sacrum, 
in all the crocodilia I have yet examined, is twenty-four. In the skeleton of a gavial I 
have seen thirteen dorsal and two limibar; in that of a erocodilus cataphractus twelve 
dorsal and three lumbar ; in those of a erocodilus acutus and alligator lucius, eleven 
dorsal and four lumbar, and this is the most common number ; but in the skeleton of 
the crocodile, probably the species called croc, biporcatus, described by Cuvier, he 
gives five as the number of the lumbar vertebrae. But these varieties in the develop- 
ment or coalescence of the stunted pleurapophysis are of little essential moment ; and 
only serve to show the artificial character of the " dorsal" and " lumbar" vertebrae. 
The coalescence of the rib with the diapophysis obliterates of course the character of 
the " costal articular surfaces," which we have seen to be common to both dorsal and 
cervical vertebrae. The lumbar zygapophyses have their articular surfeces fOmost hori- 
zontal, and the diapophyses, if not longer, have their antero-posterior extent somewhat 
increased ; they are much depressed, or flattened horizontally. 

The sacral vertebrae are very distinctly marked by the flatness c^ the coadapted ends 
of their centrums ; there are never more than two such vertebrae in the crocodilia reoent 
or extinct : in the first the anterior surface of the centrum is concave; in the second 
it is the posterior surfkce ; the zygapophyses are not obliterated in either of these sacral 
vertebrae, so that the aspects of their articular surfisuje— upwards in the anterior pair, 
downwards in the posterior paiiv— determines at once the corresponding extremity of a 
detached sacral vertebra. The thick and strong tranjsveise processes ftmn another 
diaracteristic of these vertebrae ; for a long period the suture near their base remains to 
show how large a proportion is formed by the pleurapophysis. This element articu- 
lates more with the centrum than with the diapophysis developed firom the neural arch ; 
it terminates by a rough, truncate, expanded extremity, which almost or quite joins 
that of the similarly but more expanded rib of the other sacral vertebrae. Against these 
extremities is applied a supplementary costal piece, serially homologous with the 
appendage to the proper pleurapophysis in the dorsal vertebrae, but here interposing 
itself between the pleurapophyses and haemapophyses of both sacral verteborae, not of 
one only. This intermediate pleurapophysial appendf^o is called the " iliimi ;" it is 
short, thick, very broad, and subtriangular, the lower truncated apex forming with the 
connected extremities of the haemapophysis an articular cavity for the diverging append- 
age, called the " hind leg." The haemapophysis of the anterior sacral vertebra is called 
"pubis," 64 ; it is moderately long and slender, but expanded and flattened at ita lower 
extremity, which is directed forwards towards that of its feUow, and joined to it through 
the intermedium of a broad, cartilaginous, haemal spine, completing the ha^nal canal. 
The posterior haemapoi^iysis, 63, is broader, subdepressed, and subtriangular, expanding 
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as it approaches its fcUow in complete the second Iwemal arch ; it k tcsiaed " mliiuin»" 
The groat development of all the elcmenta of those hiemal arches, and tho peouliar and 
distineth'o forma of those that have ther<jby acc^uired, frem the i^xlieat dawii of anato- 
tmcal at^iencBj special names, relates physiologically to the fanctioiia of tho diverging 
appcodage which is developed iato a potent locomotiT© member. Thia limh appertaimj 
properly, aa the proportion contributed by the ischium to the ortieular aocket and the 
greater hreadth of the plenrapophysia show, to the second aucrol vertehra ; to which the 
ilium chiefly belongs. 

The first caudal vertebra, which preaenti a ball for articulating with a cup on the 
back part of the lost sacral, retains, nevertheless, the typical i>oaitiQn of the hall on tho 
bfiek part of the centrum ; it is thi2a biconye^ and the only vertebra of the series 
which pre^ntd that fitructuie. 

The first caudal vertebra, moreover, is distinguiahcd from the rest hy having no 
artieular aurfacea far ihie heamspophyse&, which in the succeeding caudalii} form a haemal 
arch^ like the nciirapophysea ahoTe, by articulating directly witli tho centrum. The 
arch 8o formed haa its bofie not applied over the middle of a single ecutnun, but, like 
the neural arch in the back of the tortoi^ and sacrum of the bird, across the interapaco 
between two centrumii. The first haemal areh of the tail belongs, however, to the 
second caudal vei-tehra, hut it ia displaced a little backwards from Its typical poaitioru 

The caudal hoemapophysesj A A, coalesce at their lower or distal ends, fiiom which a 
spinous proeesa is prolonged downwards and badnvajd.^ ; this grows ahorter towards 
the end of tho tail, but ia oompressed and somewhat expanded antero-posteriorly» The 
hajmal arch bo constituted has received tho name of " chevron bone/' 

It is very true^ aa Cu-dcr said in the last lecture he delirered, " if wo were agreed 
as to the croeodile's head, we ahould be so aa to that of other animals ; because the 
crocodile ia Intermediate between mammals, biidfl, and fishes." Accordin^y, ih.G follow- 
ing description of the crocodile's aknll is coextensive with that of the fish ; if the 
answerable honea are rightly detemiined between these, their correspondence with 
those of other vertebrstca will be facilitated. The difficulties in comprehending the 
nature of some of the bonea of the crocodile's head have arisen through passing to its 
comparison firom that of the mammal's skull— by descending instead of aacQnding to it 

The segments compoaing the skull are more modified than those of the pclyis ; but 
jnat B0 the vertebral pattern ia beat preserved in the neural arches of the pelvis, which 
axe C4ill?d collectively '^ sacrutn,*' so^ also, is it in the some arches of the skull, which 
ore called eollectively '' crauium. The elements of which these cranial aichei one 
composed pi-eserve, moreover, their primitive or normal individuality mora etompletely 
than in any of tho vertebnn of the tronk, except the atlas^ and oonseq^uoutly the 
archetypal character can he more complebely demomitaTited** 

If, alter aeparating the atlas from the occiput, we prDceed to detach tho oceipitol 
sogment of the cjanium from the neit BCgment in advance, we find the detached Bcgment 
presenting tho fonn and atructure of the neural arch* Tho " centrum *' presents, like 
those of the trunk, a convejoty or ball at its posterior articular surface, but its anterior 
one, like the hindmost centrum of the aacrum, unites with the neit centrum in advance 
by a flat rough '* sutural " surface. Like most of the centrums in the neck ond begin- 
ning of tho hade that of the occiput develop cs a hypapophyaiSp but this daso^dtng 



I 
I 



' The slsall of tbo crocodile^ partivllr dlMrlkalatedi and with the boncf nuinWred as in the 
fo^wia; dfiseri^tiotii may bo hod of Mr^ Fltmerp No. 22^ Lambeth Tfurmfii^ LuabeLb B«ftd, 
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process is longer and larger, its base extending oyer the whole of the under surface of 
the centrum. It is a character whereby the occipital centrum of a crocodilian reptile 
may be distinguished firom that of a lacertian one ; for in the latter a pair of direrging 
hypapophyses project from the under sur&icc, as is shown in most recent lizards and in 
the great extinct mosasaurus. 

The upper and lateral parts of No. 1 present rough sutural surfaces, like those in 
the centrums of the trunk, for articulating with the " neurapophyses," Nos. 2, 2, 
which develope short, thick, obtuse, transverse processes, 4, 4. The modified or 
specialized character of the elements of the cranial vertebrse has gained for them special 
names. The centrum, I, is called, as in fishes and all other vertebrates, the ^* basi- 
occipital ;" the neurapophyses, 2, 2, are the " exoccipitals ;" the neural spine, 3, is the 
" superoccipital." The transverse processes, 4, 4, which may combine both diapophyses 
and parapophyses, are called the " paroccipitals ;" they are never detached bones in the 
crocodilia, as they are in the chelonia and in most fishes. The exoccipitals perform 
the usual functions of neurapophyses, and, like those of the atlas, meet above the neural 
canal ; they are perforated to give exit to the vagal and hypoglossal nerves, and protect 
the sides of the medulla oblongata and cerebellum — the two divisions of the epence- 
I^alon. The superoccipital, 3, is broad and flat, like the similarly detached neural 
spine of the atlas ; it advances a little forwards, beyond its sustaining neurapophyses, 
to protect the upper surface of the cerebellum ; it is traversed by tympanic air-cells, 
and assists with the exoccipitals, 2, 2, in the formation of the chamber for the internal 
ear. 

The chief modification of the occipital segment of the skull, as compared with that 
of the osseous fish, or with the typical vertebra, is the absence of an attached lunmal 
arch. We shall afterwards see that this arch is present in the crocodile^ although 
displaced backwards. 

Proceeding with the neural arches of the crocodile's skull, if we dislocate the 
segment in advance of the occiput, we bring away, in connection with the long base- 
bone, 5, the bone, 9, which in the figure of the section of the serpent's skull (Cut 17) 
is shown similarly united to 5. In fact, the centrums of the vertebrae have here coalescec^ 
as wc find to happen in the neck of the siluroid fishes, and in the sacrum of birds and 
mammals. The two connate cranial centrums must be artificially divided, in order to 
obtain the segments distinct to which they belong. The hinder portion, 5, of the great 
base-bone, which is the centrum of the parietal vertebra, is called " basisphenoid." It 
supports that part of the " mesencephalon," which is formed by the lobe of the third 
ventricle, and its upper surface is excavated for the pituitary prolongation of that 
cavity. The basisphenoid developes from its imder surface a " hypapophysis," which 
is suturally united with the fore part of that of the basioccipital, but extends further 
down, and is similarly united in fi:ont to the " pterygoids," 24. These rough sutural 
surfaces of the long descending process of the basisphenoid are very characteristic of 
that centrum, when detached, in a fossil state. The neurapophyses of the parietal ver- 
tebra, 6, 6, or the " alisphenoids," protect the sides of the mesencephalon, and are notched 
at their anterior margin, for a conjugational foramen transmitting the trigeminal nerve. 
As accessory functions they contribute, like the corresponding bones in fishes, to the 
formation of the ear-chamber. They have, however, a little retrograded in position, 
resting below in part upon the occipital centrum, and supporting more of the spine of 
that segment, 3, than of their own, 7. The spine of the parietal vertebra is a per- 
manently distinct^ single, depressed bone, like that of the occipital vertebra ; it ia called 
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the ** parietal/* sud completes tbe nctiral arch^ as ife iirown or key-bone ; it h partially 
CJ^f^ayatcd by thu tympanit; iiir*cell5j and oTcrlaps lii© fiiiperoccipital. Tho bout's, 8, 8j 
wedged between 6 and 7j manifest more of tLeir diapophy^ial cltiiraL'ter than, their 
Iiomotypei»j 4, 4^ do in the occipital BegmcutH, ainco they support modified lih^ ^o 
developed froni independent centi-esj and prcEerve thcij indiTidaality* They fonn no 
part of the inner waEs of the cranium, but Btnd ontwarda and hackwaidi (l atmn^ 
tranEveroB process for n^uscnlar att34}bmciit. They afibrd a ligamentous attachment to 
the himnal arch of theii' own segment, and articulate largely ^ith the pleurapo- 
phyaea, 28, of the antecedent hs&mal areh, whoso more backward displacement, in 
compimBon with its position in the fish' a skull, is well lEu^tratcd in tho metamorphoaia 
of the toad and frog. 

Dn removing the neural arch of the p^etal yertebra, after the ecction cif its 
eonfluent eontruiii, the elexrionts of the correiponding arch of the A'ontal vertebra 
present tho same arrangement. The compressed proditced centrum has Its form modified 
like that of the Yertehral oentiiiins nt the opposite extreme of the body m many hirda ; 
it is called the "prcsphenoid." The nenrapophysee, 10, 10, articulate with thi* upper 
part of 9 ; they qig expanded, and imoothly excavated on their inner aurM^e to support 
the sides of the largie prosencephalon ; thoy dismiss the great optic nerrea by a notch. 
They show tho aarnf* tendency to a retrograde change of poaition he the ncighboming 
neurapophyscs, ; for though they auppa:t a greaier proportion of their proper spmej 11^ 
jthcy also support part of tho panetal spines, 7, and reat^ in part, below upon tho parietal 
Ftitrmn, 5 : the neurapophyses, 10, 10, are calliDil *' tirbitosphenoids/* The neural 
spine, 11, of the fi:xHital yertehra retains ita nommX character aa a ain^e symmetrical 
bone, like the panetal spiTie which it partly oyerlnpa y it also completer the njinral arch 
of ita own segment, hut ia remarkably extended lonj^itudinallj forwards, where it is 
much thiekcncdj and assists in lorming tho caviLita for the cyt>'balla ] it i^ called the 
** frontal** bone. 

In contemplating in tho akuH itself or anch aide yiew as is giyen in Fig. 0, pt 22^ 
of my work on the Archetype Skeleton, the relative position of the frontal, 11, l)0 
the parietal, 7, and of thia lo the auperoccipital, 3, which is overlapped by tho 
parietal^ just as Iteelf overlaps the flattened spmo of tho atlas, we gaiji o. con- 
\iction which cannot ho shaken by any different o in their mode of ossification, 
by their median, bipartitiou, or by their extreme expansion in othor animals, ^at the 
dbove-iianied single, modiau, imbricate berries, each completing its neural arob, and 
permfinently distinct fnym tho piers of such Jirch, must repeat the same element in 
these succeaaive arches — in other words, must ho '*homotypes,'* or aeriaDy boiuologotia. 
In like m^anner the serial homology of those piers, called " neiu^popkyscs,** viz., the 
Tnminni of the atlas, the exoccipitals, the aUsphenoids, and the orhitoaphenoids, la 
cgnsHy unmistakable. Nor can we shut out of view the same serial rcktionahip of 
the paroccipitals, a& coalesced diaphophyses of the occipital vertebra, with tho mastotda 
S, and the [iiostfrontals, 12, as permanently detached diapophyaes of their nespectlYO 
veftebm^^ All stand out fitun the aides of the eranium, as tranverae proceaae^ £xr mns^ 
oidar attadimcnt ; all ara alike antogonons in the turtles ; and all of them, in fidie% ^Skx 
articular surfaces for tho ribs or haunal arches of their regpeetive Yertehrte ; and these 
nharaetsn are retainod in the postfroniak as well as in the mastoids of the crocodiles^ 

Tho ^tmtol diapophyais, 12, is wedged between the back part of the spiije, 11, isd 
thffl nonrapophysi^, 10 ; ita outwardly projecting process extends also backwards^, and 
jdina that of tho tneeccding dtapophjsU, B ; bnt, notwithstanding the retiogradation of 
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the inferior arch, it stiil artieulates with part of its own pleurapophysial element, 28, 
which forms the proximal element of that arch. 

There finally remain in the cranium of the crocodile, after the successive detach- 
ment of the ^ar^oing arches, the bones t^minating the foro-part of the skull ; hot, 
notwithstanding the extreme degree of modification to which their extreme x>osition 
subjects them, we can still trace in their arrangement a correspondence with the ver- 
tebrate type. 

A long and slender symmetrical grooved bone, 13, between 24 and 24, like the ossified 
inferior half of the capsule of the notochord, is continued forwards from the inferior 
part of the centrum, 9, of the frontal vertebra, and stands in the relation of a centrum 
to the vertical plates of bone, 14, which exi>and as they rise into a broad, thick, trian- 
gular plate, with an exposed horizontal superior surface. These bones, which are called 
" prefontals," stand in the relation of "neurapophyses" to the rhinencephalic jwo- 
longations of the brain commonly but erroneously called " olfactory nerves ;" and they 
form the piers or haimches of a neural arch, which is completed above by a pair of 
symmetrical bones, 15, called *^ nasals,'' which I regard as a divided or bifid neural 
spine. 

The centrum of this arch is established by ossification in the expanded anterior 
prolongation of the fibrous capsule of the notochord, beyond the termination of its 
gelatinous axis. Tho median portion above specified retains most of the formal 
characters of the centnim ; but there is a pair of long, slender, symmetrical ossicles, 
which, from the seat of their original developm^it, and their relative position to tho 
neural arch, must be regarded as also parts of its centrum. And this ossification of the 
element in question from different centres will be no new or strange character to those 
who recollect that the vertebral body in man and mammalia is developed from three 
centres. The term "vomer" is applied to the pair of bones, 13, because their special 
homology with the single median bone, so called in fishes and mammals, is indisputable; 
but a portion of the seme element of the skull retains its single symmetrical character 
in the crocodile, and is connate with the enormous pterygoids, 24, between which it is 
wedged. In some alligators {all. niger) the divided anterior vomer extends far forwards, 
expands anteriorly, and appears upon the bony palate. 

Almost all the other bones of the head of the crocodile are adjusted so as to constitute 
four inverted arches. These are the haemal arches of the four segments or vcrtebrsB, of 
which the neural arches have been just described. But they have been the seat of much 
greatCT modifications, by which they are made subservient to a variety of functions 
unknown in the ha3mal arches of the rest of the body. Thus the two anterior haemal 
arches of the head perform the ofSce of seizing and bruising the food; are armed for 
that purpose with teeth : and, whilst one arch is firmly fixed, the other works upon it 
like the hammer upon the anvil. The elements of the fixed arch, called " maxillary 
arch," have accordingly undergone the greatest amount of morphological change, in 
order to adapt that arch to its share in mastication, as well as for forming part of tho 
passage for the respiratory medium, which is perpetually traversing this haemal canal 
in its way to purify the blood. Almost the whole of the upper surface of the maxillary 
arch is firmly united to contiguous parts of the skull by rough or sutural surfaces, and 
its strength is increased by bony appendages, which diverge from it to abut against 
other parts of the skull. Comparative anatomy teaches that, of the numerous places of 
attachment, the one which connects the maxillary arch by its element, 20, with the 
centrum, 13, and the descending plates of the neurapophyses, 14, of the nasal segment, 
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k tlie nonnal or the most coDstant point of ita mispenaion^ th© 'boiie, 20, being the 
plevimpophjsial element af tJie maxillary artL : it is called the ** palatine/' btscauae the 
under eurface forma a portion, of the Ixiiiy roof of ike moutli, called the " palate/' It 
ia ortieolated at its fore part Tftitli the hone, 21, in the same plates^ ^yhich boanj is the 
hcemapophysial element of the maxillary arch : it is c^ed the '* mojdllary/* and ia 
greatly de\ eloped hoth in length and breadth ; it ia eonnceted not only with 20 behind, 
tmd 22 in front, whieli are parts of the samo art'h, and with the diverging appendages 
of the archj yiis,, 26, the malar bone, and 24, tbe pttrj^goid, hut also witit tlio nasals, 
16, and the lacrymal, IGj as well as T^itb. ita fellow of the opposite aide of the arch. 
The smooth, ejfpanded horizontal plate, whith effects the ktter jnnttion, ib ealled the 
p«latal pkto of the mamillary ; the thickened cxtei-nul border, Ti'liera tbia plate meets 
the external rough surface of th<; hone, snd is'bieh ia prxforated for the lodgment of the 
teeth, is the *^ alveolar border" or ^^pi-octsa" of the masillar}'. The haemtd spine or 
Itey-bono of the arcb, 22, h hifid, and the arch ia completed by the symphyMiil Junction 
of the t^'o symmetrical halves ; tht*o hdvea are called *^ prema^cilLuy bonus :*' these 
bonca, like the maiillariei, hare a rough facii^ plate, and a anootb palatal pkte, with 
the oonnocting alveolar border* The median symphysis is perforated vertically through 
both plutca ; the outer or upper hole being the extern^ noatril, the under or palatal one 
being the prepalatol or naaa-palatal aperture* 

Both tile palatine and the maxillary bones send oi^twurds mid hfiekwards parls 
or pioeesses which diYci'go from the Hue of the hiomal ajch^ of whieh they are the 
chief elements ; and these pa.rta give attachment to diatinct bones which form the 
** diverging appenda^coi'^ of the arch, oud Kcrvc to attach it, aa do the diverging 
appendages of the thoraoii:^ h^mal arches in the bird, tg the fueceeding areh« 

Tho appendage, 24, called "pterygoid," etfccts a moro ds tensive attaohmentp and is 
peculiarly developed in the erocodilla* Ab it extends backwards it expands, unitea 
with its^ fellow below the nasal canal, and encompassing that canal, coalesces above i% 
with the Yoraer^ and is firmly atlaohed by suture to the preapheuoid and haaisphcnoid : 
it surrounds the hinder or palatal nostril, and, citflnding outward^ it gives attachment 
to a second honCy 2o, called *' cetopterygaid,"^ which is firmly connected with the 
maxillary, 2o, the nmlOTj 26, and the post-frontal, 12. The second di%'erging ray is of 
great sbrength; it extends from the maxillary, 21 (" h^mapophysie " of the maxillttry 
arch), to the tympanic, 23 (" phjurapcphysed " of the mandihiilar areb), and is divided 
into two pieces, the malar, 26, and the squamosal, 27. Such are the chief eroeodUian 
raodifiations of tho ha^nml arch^ and appendages of the anterior or nasal vertebra of 
the skull* 

The bajinal arch of the frotital vertebra is somewhat le33 metamorphoacd, and bus no 
diverging appendage. It is slightly displaecd backwardis, and h articulated by only a 
small proportion of ita pleui'apophysis, 28, to the ptirapophysis, 12, of its own segment ; 
the major part of that short and strong rib articulating with tho parapopbysis^ S, of the 
succeeding segment. The bone, 23, called ** tympanic," because it seTVes to support 
the " drum of the ear" in air-breathing vertebrates, ia short, strong, and immoreably 
wedged, in the crocodilia, between the poroccipital, 4, mastoid, 8, post-fiontal, 12, and 
squamosal, 27 ; and the conditions of this fixation of the pleurapophysis are exempli^ed 
in the great development of the hajmapopbysis (loandibh?), which is here imnsuallj 
long, supports numerous teeth, and requires, therefore, a Brm point of ffiispension, in 
the violent actions to which the jaws are put in retaining and overcoming the stmgglct 
of a powerful living prey* The moveable artieulation hctween the pleurapophysia, 2S| 
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aad the rest of the hsemal arch is analogous to that which we find between the thoracic 
pleorapophysiB and hsemapophysis in the ostrich and many other birds. But the 
heemopo^ysis of the mandibular arch in the crocodiles is subdivided into seyeral pieces, 
in order to combine the greatest elasticity and strength with a not excessive weight of 
bone. The different pieces of this purposely subdivided element have received definite 
names. That numbered 29, which offers the articular concavity to the convex condyle 
of the tympanic, 28, is called the " articular" piece ; that beneath it, 30, wluch 
developes the angle of the jaw, when this projects, is the " angular" piece ; the piece 
above, 29', is the " surangular ;" the thin, broad, flat piece, 31, applied, like a splint, 
to the inner side of the other parts of tho mandible, is the " splenial ;" the small 
accessory ossicle, 31', is the " coronoid," because it developes the process, so called, in 
Uzards; the anterior piece, 32, which supports the teeth, is called the "dentary." 
This latter is the homotype of the premaxillary, or it represents that bone in the man- 
dibular arch, of which it may be regarded as the hssmal spine ; the other pieces are 
subdivisions of the hsBmapophysial element. The purport of this subdivision of the 
lower jaw-bone has been well explained by Conybeare * and Buckland,t by the analogy 
of its structure to that adopted in binding together several parallel plates of elastic wood 
or steel to make a crossbow, and also in setting together thin plates of steel in the 
springs of carriages. Dr. Buckland adds — " Those who have witnessed the shock given 
to the head of a crocodile by the act of snapping together its thin long jaws, must have 
seen how liable to fracture the lower jaw would be, were it composed of one bone only 
on each side." The same reasoning applies to the composite structure of the long 
tympanic pedicle in fishes. In each case the splicing and bracing together of thin flat 
bones of unequal length and of varjring thickness, affords compensation for the weakness 
and risk of fracture that would otherwise have attended the elongation of the parts. 
In the abdomen of the crocodile the analogous subdivision of the hsemapophyses, there 
called abdominal ribs, allows of a slight change of their length, in the expansion and 
contraction of the walls of that cavity ; and since amphibious reptiles, when on land, 
rest the whole weight of the abdomen directly upon the ground, the necessity of the 
modification for diminished liability to fracture further appears. These analogies are 
important, as demonstrating that the general homology of the elements of a natiuuL 
segment of the skeleton is not affected or obscured by their subdivision for a special 
end. Now this purposive modification of the haemapophyses of the frontal vertebra 
is but a repetition of that which affects the same elements in the abdominal vertebrae. 

Passing next to the haemal arch of the parietal vertebra, we are first struck 
by its small relative size. Its restricted functions have not required it to grow in 
proportion with the other arches, and it consequently retains much of its embryonic 
dimensions. It consists of a ligamentous " stylohyal," its pleurapophysis retaining the 
same primitive histological condition which obstructs the ordinary recognition of the 
same elements of the lumbar hsemal arches. A cartilaginous " epihyal," 39, intervenes 
between this and the ossified "haemapophysis," 40, which bears the special name of 
ceratohyal. The haemal spine, 41, retains its cartilaginous state, like its homotypes, in 
the abdomen; there they get tho special name of "abdominal sternum," here of 
*< basihyal." The basihyal has, however, coalesced with the thyrohyals to form a broad 
cartilaginous plate, the anterior border rising like a valve to close the fauces, and the 

» "GeoL Trans.," 1821, p. 565. 

+ "Bridgewater Treatise," 1836, vol. i., p. 176, 
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pooterioi" anglea extending beyond and austainlng the ^yi-oid ^id othor ports of tte 
laryns. The long bony '^coratoliyal'^ and thja commonly cartiUgiiioiia *^ cpih^td *' 
arc stifipEiiided by the ligomentouE ** stylohyttl" to the paroficipitnl process ; the whole 
arch ha^ingi like tho mjmdibiihu: qne^ retrograded from the ooim€ctioii it prioseiits in 
fiahes. 

This rc>trqgrad£t,tioii is &till more eonsideTRbLe in tho succeeding hsEim&l arch. In 
comparing the occipital Eegment of the crocodile's skeleton with that of tlte fish, the 
chief modification that distinguish^^ that segment in the croL'Oiiile is the apporeat 
ubdence of its hajjiml aTch, We rL^cognisc, howercr, the special homolognes of the 
constituents of that arch of the fish's skeleton in the bones 51 and 62 of the croeodQe'B 
fikeMon (Fig. 18) ; but tlie upper or suprascapular piece, 50, rttoina, in connjcetion witi 
the lo&5 of itfl proximal or cranisil articulations, its cartilaguioiis stiit© ; tht^ itcapula, §1, 
is oseifiod, as is likewiae the coracoid. 52, the lower end of wHeh is Eeparatrai £it>m its 
fellow hy the intcrpesition of a median, sjTmnetricaL, partially-ossified pitoo caEed 
*" epistemum/' The power of i-eeognking the Bpecial homologiea of 60, 51, and 52 in 
the crocodile^ with the similarly-numbered eonatituents of the same aieh in fishes—* 
though niaslced, not only by nuudifications of form and proportion, hut even of very 
auhstanecT as in the case tjf 50— depends upon the circwmatance of these Lones oonsti- 
tuting the same essential element of the archetypal akeletaUi vi^.^ the fourth hienml 
arch, numbered pij 62, in Fig. 7 : for although in the preacut instcnee there i^ supor- 
added, to the adaptive modificnttons abore cited^ the rarer one o£ altered ©onnections, 
CuTier doea not hesitate to givtj the same nameSj ^^ auprsseapuloire " to 50, and *' acapu- 
laire" to 5ly in both fish and crocodile; but he did not perceive or admit that the 
narrower relations of special homology were a result of, and necessaiily included in, the 
wider law of general homology. According to the latter law, we disceTa in 50 and 51 
a. compound '* pleurapophyais," in 52 a '* hsemapophysi^j'" and in h$j the ^^hmnuil 
spine," completing the h^mal arch. 

The soapulo*cora{;oid artih, both elements, 51, S2, of which retain the fonn of etrong 
and tliiek TCrtebi al and sternal rths in the crocodile, is applied in the skeleton of that 
uninial oyor the anttrlor thomtic haemal Rrcheu. Yiowed as a more robust haemal arch, 
It 13 obiioualy out of place in reference to the rest of its Yflitebral aegment* If we seek 
to determine that aegment by the mode in which wo restore to their cmitrttniji the 
lead displaced neural arches of the antetedcut vejlebne of tho cranium or in the sacrum 
of the hirdj* we proeced to ejLamine the ycrtobrae before and behind the displaced arch, 
with the view to discover Ihe one which needs it, in order to be made typically com- 
plete. Finding no centrum and neural arch without its pl*?unapophysc3 from the 
Boapula to the pel vis j we give up our search in that direction; and in the oppodto. 
direction we find no vertebra without itii ribs, until wc reach the occiput j there w^ 
have centrum and neural artli, with coalesced parapophyses, but without the b ifm* d 
arch, which arch can only be supplied by a restoration of the bones 50-52 to the place 
which they naturally occupy in the skeleton of tho fish. And gince ar^atomista are 
geneiTiLly agreed to regard the bone^ 60-52 in the croeodilc (Fig, IS) osspeciidly homolo- 
goua with those so numbered in the fish (Fig. tJ), wc must coadude that they are like- 
wise homologous in a higher souse ; that in the fish the ecapula-coraeoid arch is in iifi 
natural or typical position, whereas in the crocodile it haa been dlflplaced for a Bpeolal 
purpofie. Thusj agreeably with a general principle, we perceive that^ 05 the lowir 
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Tertebrate animid illustrates the doeer adhesion to th£ archetype hy the natural artlcu- 
lation of the scapulo-coracoid ardb. to the occiput, so the higher Tertehrate manifests 
tiie superior iofluence of the antagonizing power of adaptiye mocUficatioii by the removal 
of that arch £rom its proper segment. 

The anthropotomist, by his mode dT counting and defining the dorsal yertebrse and 
ribsy admits, unconsciously perhaps, the important principle in general homology which 
is here exemplified ; and which, pursued to its legitimate consequences, and further 
appHed, demonstrates that the scapula is the modified rib of that centrum and neural 
arch, which he calls the " occipital bone ;" and that the change of place which chiefly 
masks that relation (for a very elementary acquaintance with comparatiYe anatomy 
shows how little mere form and proportion affect the homological characters of bones), 
differs only in extent, and not in kind^ from the modification which makes a minor 
amount of comparative observation requisite, in order to determine the relation of the 
shifted dorsal rib to its proper centrum in. the human, skeleton. 

"With reference, therefore, to the occipital vertebra of the crocodile, if the com- 
paratively well-developed and permanently-distinct ribs of all the cervical vertebrae 
prove the scapular arch to belong to none of those segments, and if that h»mal arch 
be required to complete the occipital segment, which it actually does complete in 
fishes, then the same conclusion must apply to the same arch in other animals, up 
to man himself. 

The anterior locomotive extremity is the diverging appendage of the arch, under 
one of its numerous modes and grades of development. The proximal element of this 
appendage, or that nearest the arch, is called the '^ humerus," 53 (Fig. 18). The 
second segment of the Hmb consists of two bones ; the laxger one, 54, is called the 
" ulna :" it articulates with the outer condyle of the humerus by an oval fiacet, the 
thick convex border of which swells a little out behind, and forms a kind of rudimental 
'^ olecranon ;" the distal end is much less than the proximal one, and is most produced 
at the radial side. 

The radius, 55, has an oval head ; its shaft is cylindrical ; its distal end oblong and 



The small bones, 56, which intervene between these and the row of five longer 
bones, are called " earpals ;" they are four in number in the crocodiUa. One seems to 
be a continuation of the radius, another of the ulna; these two are the principal 
earpals ; they are compressed in the middle, and expanded at their two extremities : 
that on the radial side of the wrist is the largest. A third small ossicle projects slightly 
backwards from the proximal end of the ulnar metacarpal ; it answers to the bone called 
" pisiforme" in the human wrist. The fourth ossicle is interposed between the ulnar 
carpal and the metacarpals of the three ulnar digits. 

These five terminal-jointed rays of the appendage are counted from the radial to the 
ulnar side, and have received special names ; the first is called ** pollex," the second 
" index," the third " medius," the fourth " annularis," and the fifth " minimus." The 
first joint of each digit is called " metacarpal ;" the others are termed " phalanx." In 
the crocodiHa the pollex has two phalanges, the index three, the medius four, the annu- 
laris four, and the minimus three. The terminal phalanges, which are modified to 
support claws, are called " ungual" phalanges. 

As the above-described bones of the scapular extremity are developments of the 
appendage of the scapular arch, which is the haemal arch of the occipital vertebra, it 
follows, that, like the branqhiostegal jrays and opercular bones in fishes, they ax^ essen- 
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tiidly tones of the head. But the eminieration of the hones of the crocfidilc'a skoU ig 
not eomplotcd hy these j there is a bone Emtcrior to the orbit, which is perforated at its 
orbital border hy the duct of the lacrymfll gliLtid| 'whenee it i& tcnutd the ** hioiyiusl 
hone," and its facial part extends forwards between the bones marked 14, 15, 21^ and 
26, In many crocodilia tliero is a hone at the upper border of the orbit , which extends 
into the Bubatance of the upper eyeEd ; it is called '' superorbital." In the erocodilus 
palpehroflnfl there are two of these oadcles* 

Both the lacrymal and superorbital bonea answer to a series of bones faxind com- 
monly in fiahqs^ and called *' suliorbitala" and ** superorhitals." The lacrymal is the 
mo^t anterior of the suborMtal series, and is the lai^est in fi&hes j it is also the most 
constant in the yertebrate series^ and is grooved or perforated by a mucous duct These 
ossicles appertain to the dermal or muco-dermal system or ** esoskeleton," not to tho 
vertebral system or " endoskeleton." 

There remains, to complete this steteh of the osteology of tho croeodile, a brief notice 
of tho bones compo s i ng tho diverging appendage of tho pelvic arch : these being a repe- 
tition of the same element as the appendage of the sciipular arch, modified and developed 
ioT a similar office, manifest a very close reaemblanee to it. Tho first bone^ called the 
** femur," is longer than the humerus, and, like it^ presents an enlargement of both 
extremities, with a double cuirature of the intervening shaft, but the directions are the 
rerecse of those of the humerus, as may be Et?en in Fig. 18, where the upper or proximal 
ha]f of the femur is concave, and the distal half convex, anteriorly* The head of the 
femur is compressed Ironi side to side, not itom. before backwards as in the humerus j a 
pyramidal protuberance from the inner surfiiiie of its upper fourth represents a *^ trO" 
chanter ;** the distal end is expanded tranaverBcly^ and divided at its back part into 
two condyles. The next segment of the hind-limh or *' leg," includes, like the corres- 
ponding segment of tho fore-limb called ** fore-arm," two bones. The largest of theso 
is tho "tibia," 66, nnd answers to the radius. It presents a large, tiiangular head to 
femur; it terminates below by an oblique crescent with a convex surface. The 
" fibula*^ is much comprcsBed above ; its shaft is slender and cylindrical, its lower end 
ia enlarged and triangular. The group of small bones wHeh succeed those of the leg 
are the tarsals ; they are four in number, and have each a special name. The " aatra- 
galus^' articulateB TST.th the tibiae and BUpports the first and pai-t of tho second toe. The 
celcaneum intGrvcnca between the fibula and the ossicle supporting tie two outer toes ' 
it has a short but stning posterior tuberosity. The oe&iele referred to represents the 
hone colled ^' cuboid" in the human tarsus. A smaller ossicle, wedged between the 
astragalus and the raetatarsals of the second and third toes is tho *' ectoeuneiform/* 

Four toes only are normally developed in the hind-foot of the crocodilia ; tho fifth 
is represented by a stunted rudiment of its metatarsal, which is articulated to tlie cuboid 
and to the base of the fo^urth metatarsal. The four normal metatarsals ai^ much longer 
than the correBponding metacarpal?* That of the first or innermost toe is the shortest 
and strongest ; it supports ti^^o phalanges. The other three metatarsals ore of neariy 
equal length, but progreflsively diminish in tMclmesa from the second to the fourth. 
The second metatarsal supports three phalanges ; the third four ■ and the fourth also 
has four phalanges, htit does not support a claw* The fifth digit is represented by a 
mdiment of ita metatarsal in th« form of a fattened triangular plate of bone^ attached 
to the outer side of tlie cuboid, and slightly enrved at its pointed and pronikent end. 

The forms and proportions of the entire skeleton of tho eroeodile are adapted to tho 
neccssitieB of an amphibious animal^ but minister to much more mpU 
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movements in water than on land, llio Ehort Hni"bB preclude the posailiility of yeiy 
q^indc contsc along shore ; and the OYerlapping of the nhs of tho neck, -whUst enabling 
Uic ItOttd tho hotter to tdoavc tho water during tho acts of diving or awLmming^ makes 
the bending of that port irom side to side on act of difficultj and time ; this, it is said) 
may avail any ono pursued hy a croeodilu on dry land to eacapeby turning out of the 
atraight courde. But tlio eroeodile usually soiacs hia prey hy atratagem or eonoealment 
when in or cIgbq to the water ; and it is there that he jshows himg<.df nia^ter of hia 
poaitionj and ehiefly by the powerful strokes of his long, large^ verticidly-flattened tail* 

Osieology of Chelonlan Reptiles— Tortoises and Turtles .^Thos^i am* 
mala to wldch, in tli<j manifold modifications of the organic Jframework^ a portable 
dwrelling or place of refngo has heen given , in compensation for inferior powers of loco-^ 
motion or otlmr means of cacRpo or defenecj hai^e always attracted especial attention | 
and of them the most remarkable, hotli for tho complex construction of their &bod& as 
well as for their comparatively high organi^ationj are the reptiles of tbe chelonian 
order* The expanded thoracic -abdominal case-, into which, in most eheloniansi, the 
head,, the t^iL, and the four extremities can be withdrawn, and in Eome of thei^peciea ho 
there shut np hy moveable doors closely fitting both the anterior and posteriijir aperturea 
— aSj e.^.j in the box- tortoises (amsi^niof}, ewfif^a)— has been the snbjeet of many and 
excellent investigationfi j and not the least interesting result has been the diBcorvcry 
that this aeemingly special and anonialoms superaddition to the ordinary vertebrato 
structnre h due, in a great degree, to the modification of form and size, and, in a les3 
degree, to a change of relative position, of ordinary elements of the vertebrate skeleton* 

Tho natural dwelling-chamber of the ehsloniu constats chiefly, and in the marine 
Bpeeiea (chdone) and mud-turtles {imnps^) solely , of the floor aaid the roof: side-"waEfl 
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of variflhlo extent ajc added In the :froah-Trater ipeeies (emi^diam) and land*tortoisca 
(testiidmiafis). Tho whole ocmsiata chiefly of osseous **platea" with aupcrincumhont 
homy plates or ** seutes," except in the soft or mud- tortoises {trionyn: and sphar^js)^ in 
wMeh these latter are wanttng:* 
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Pig. 20 shows tlio tiiimner in ^vliicli the head ami tail ortn be rL'tractod ^otllin the 
thoTacie-abdominal Ikjx i the four limbsj ait; figHTe^d. a^ txtcndtd in the act of wallcingr, 
to show tbjeir Btnioture, The oaly movoahlo vertebrae otq those of th& nock end tail, 
and the fonnor enjoy tw^eat degree of fieidbility* Tho vertcbrse answering to the dor- 
sal, lumbar^ and sacml seriDfl elto firmly fixed toguOier ; but the doraal onaa, 1 to 8, arc 
chiefly eonccmcjd in tho foi-niatioii of tho osseous dwelling-chamber. Ihe campofiitioiL 
of t3iis will bo fiidt dc&ciibcd as it exists in tb<3 turtle (fht!one}j the gpecie» called 
*'logg:erliead" being here selected for its iHnatnition, 

In tho marine spccica of the clielomon oilier, of whidi thia may be regarded txs the 
typfiij tho osdifica^tion of the carcipuci? and plastron ia leas extenfiiTej and tho whole 

j^keleton h lighter, than in the box- 
Fig- 21. tortoise (Fig. 20), or any of tlioee spe- 
cies that live on dry land. Tlie head 
IB proportionally larger,^ a cbarocter 
common to aqnatic ^T^TTimla ; and, being 
int^apahle of retraotion witliin the carft- 
paee, oasiEcation extends in the diree- 
tion of th.^ fdBcia coTcring tiie tempo- 
ral miiseles, and forma a second bony 
eoYcring of th<j cranial eayity : tlxis 
accessory defence is not due to the in- 
tercalation of any new bonca, but to 
exogenous growtlia from the irontalB^ 
11, poBtfrontalii, 12, parietab, 7, and 
mastoida^ $. 

The carapaco (Fig. 21) is composed 
of a st^^ries of median and bynunetriciil 
prscca L% si to i?ll, imd of t^'o aeriea 
of nnsymmetrical pieces on each. sid^. 
The median pieces h&T^e been Tegorded 
as lateral expanEionjs of the simunita of 
the neural epinefi; the medio-lateral 
pieces as etmilar develapmcnts of tlie riba - ood the ma^rgmal pieeei as the homologncs 
of the atemo! ribs. But the development of the carapece shows tJiat osaificatioii begins 
independently in a fibro-cartilBginoua matrix of the coriuni in tho first, f;h, and some of 
the last, s0to jH, median plates, and eKt<?iid5 from tho summits of the neural i^pinoa 
into only eight of the intervening plates, *1 to j8 : oasifieation al^o estenda int> the 
contiguous lateral plalea, pll top! 8, in some chelonia, not from the coE*respondiiig part 
of the subjacent ribs, but from points alternately nearer and farther from their be^da, 
showing that si;ch extension of osaifioation into tho corium is not a doTclopmcnt of iha 
lubercle of the rib, aa has hecn supposed. Ossification commences independently in the 
eoiitim in aU the marginal platcsi, vtl iopy, which never coalesce with the bonea 
unitiiig ^e atcmum ^v iih tho vertebral rib% and which are often more numerous, and 
Eometimes less numerous fhti-n those rvba, luid in a few species ure wanting. Whence 
it £a to he inferrtd that the expanded hones of the carapace, which aro supported and 
impreased by the tkict epidennal scutes called " tortoiso-iheJl/' are dermal oasifiGa- 
tinns, homologous with those which support the nuch^ and dorsal epidertnal acutct in 
tho cTocodOe. Most of the pieces of the carapace being direetly continuoiu or e<mBlto 
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with t2ie obvioas elements of the vertebrae, which have been suj^oscd exclusively to 
form them by their nnnsnal expansion, the median ones, «1 to sll, have been called 
" nenral plates," and the medio-lateral pieces, pi I topi 8, " costal plates ;" but the 
external lateral pieces, ml to m 12, have retained the name of " marginal plates.** The 
first or anterior of the median plates {ch, " nuchal plate") is remarkable for its great 
breadth ia the turtles, and usually sends down a ridge from the middle line of its imder 
surface, which articulates more or less directly with the summit of the neural arch of 
the first dorsal vertebra ; the second neural plate is much narrower, and is connate 
with the summit of the neural spine of the second dorsal vertebra : the seven succeed- 
ing neural plates have the same relations with the succeeding neural spines : the rest 
are independent dermal bones. The costal plates of the carapace are superadditions to 
eight pairs of the pleurapophyses or vertebral portions of the second to the ninllL ribs 
inclusive. Tbe slender or proper portions of these ribs project freely for some distance 
beyond the connate dermal portions, along the under surface of which the rib may be 
traced, of its ordinary breadth to near the head, which liberates itself fi-om the costal 
plate to articulate to the interspace of the two contiguous vertebrae, to the posterior of 
which such rib properly belongs. 

The plastron, or floor of the bony bouse, consists in the genus Chelone, as in tke 
rest of the order, of nine pieces, — one median and symmetrical, and the rest in pairs. 
With regard to the homology of these 

bones, three explanations may be given : ^fS- 22. 

one in conformity with the ertructure of 
the thoracic-abdominal cage in the croco- 
dile ; the other based upon the analogy 
of Ihat part in the bird ; and the third 
agreeably with the phenomena of de> 
velopment. According to the first, the 
median piece of the plastron, called 
" ento-stemal," S, answers to the sternum 
of the crocodile, or " sternum proper," 
and the four pairs of plastron-pieces, es^ 
hs, pij aw, answer to the " hcemapophy- 
ses" forming the so-called sternal and 
abdominal ribs of the crocodile. Most 
comparative anatomists have, however, 
adopted the views of GeofBroy St, Hilaire, 
who was guided in his determination of 
the pieces of the plastron by the analogy 
of the skeleton of the bird; according to 
which all the parts of the plastron are re- 
ferred to a complex and greatly developed 
sternum, and the marginal plates are viewed as sternal ribs (haimapophyses). The 
third ground of determination refers the parts of the plastron, Hke those of the carapace, 
to a combination of parts of the endoskeleton with those of the exoskeleton. 

In Fig. 21, the marginal plates, m\ to wl2, arc twenty-four in number, or twenty- 
six if the first (nuchal, cK) and last (pygal, py) vertebral plates be included. Omitting 
these in the enumeration, three marginal pieces intervene on each side at the angles 
between the first median plate and the point of the first costal plate formed by the end of 
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fiEOHEST OF CAP.APA€E: AStJ PLASTHON. 



tte second dorsal rib^ which point entors a dBpression in the fourtli msTginai pi(?oe, in 4 ; 
the fifth, sirtli, Btfvonthj oighth^ ninthj and ierxth marginal plates arc similarly flrticu- 
Lated by gompliosia to the six sincceeding liba; the eleventh marginal plate has no 
correaponding rib ■ the trrelfltli is articulated with the point of the ninth dorsal rib sup- 
porting the eightli costal plate. 

The want of concordjuicD with the vertebral rib% or *' pleurapoph^'ses/* arising from 

the increased numher of the mar- 
ginal pieceSj faYOin^ the idea of 
their being dermal oeaiSeationSi 
Buch peripheml dementi being 
more subject to yegetative diyidon 
and multiplication than the ha^ma- 
pophysea ; the absence of the n^ar* 
ginal pieces in the trionyx gives 
additional Esupport to the aamci 
view* The median pieccj S, is hem 
regarded as a haemal spine t it i& 
called "eutostomum." Tht^pmal 
pieces of the plastron are tho 
" bB&raapophysefl " connate with 
Fxpftnded dermal ossi^eation^, and 
have received the folloi^'ing special 
names : e^j " epistemal ; " " ^j, 
" hyostemal ;" psj " hypost^mal ;" ar*^ " idplilstpnial." 

In some extinct chclonia the mimhcr of these lateral elemnnts of the plastron is 
increased by an intercalated pair which I have called '* mesostemals/^ In the figure of 
the segment, as modified to form the carapace and plftstron (Cut 23), the nature of the 
bones is indicated by the letters according to tho ciplanation given of the arckotypc 
vertebrae (Fig, 5, p. 1&&), the dermal superadditiona being marked jf. 

In the figure of the skeleton of the hox-tortoiso (Fig. 20) a section of the carapace 
and plastron has been removed from tho right aide to expose the dorsal and sacral 
vertebra?, and the dispodtion of the stapular and pelvic arehoa. The eight cervical 
vertcbraj are &ec, moveable, and ribless ; the fourth of these vcrtobra) has a miK?h 
elongated centrnm, which is conTC^ nt both ends ; the eighth is short and broad, with 
the anterior surface of the body divided into two transversely elongated convexities, 
and the posterior part of the body forming a single convex surface divided into two 
lateral facets ; the under part of the centrum is carinate. The neurid arch, which is 
anchylosed to thk centrmn, is short, broad, obtuse, and oveinrched by the broad 
expanded nuchal plate, M. The first dorsal vertebm, rf 1, is also short and broad, with 
two short and thick pleurapophyscs, articulated by one end to the exiiond4>d anterior 
part of the centrum, and united by sut^ire at the other end to the succeeding pair of 
ribs. The head of each rib of the second pair is supported upon a strong trihedral neck, 
and articulated to the interspace of the first and second dorsal vertehrto : it 13 connate, 
at the part corresponding to tho tubercle, with the first broad costal plate, which arti^ 
eulates by suture to the lateral margin of the first neural plate^ and to portions of tho 
nuchal and third neural plates : tho connate rib, which is almost lost in the subatance 
of the costal plate, is continued with it to the anterior and outer part of tho oampace, 
where it resumes its subcylindrieal form, and articulates ^vitll the second and third 
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marginal pieces of the carapace. The neural arch of the second dorsal vertebra is 
shifted forwards to the interspace between its own centrum and that of the first dorsal 
vertebra. A similar disposition of the neural arch and spine and of the ribs prevails in 
the third to the ninth dorsal vertobraQ inclusive. The corresponding seven neural plates 
are connate with the spines of those vertebrae, and form the major part of the median 
pieces of the carapace ; the corresponding costal plates, anchylosed to the ribs, form 
the medio-lateral pieces ; the ninth, tenth, and pygal plates, with the marginal plates 
of the carapace, do not coalesce with any parts of the endo-skeleton. Tlie bony floor 
of the great abdominal box, or "plastron," is formed by the hsemapophyses and sternum 
connate with dermal osseous plates, forming, as in the turtle, nine pieces, one median 
and symmetrical, answering to the proper sternum, and eight in pairs : but they are 
more ossified, and the hyo- and hypo-stemals Tinite suturaUy with the fourth, fifth, and 
sixth marginal plates, forming the side-walls of the bony chamber. The jimction 
between the hyo- and hypo-stemals admits of some yielding movement. The iliac 
bones, 62, abut against the pleurapophyses of the tenth, eleventh, and twelfth vertebrae, 
counting from the first dorsal vertebra. These three vertebrae form the sacrum : their 
pleurapophyses are unanchylosed, converge, and unite at their distal extremities to form 
the articular surface for the ilium. Beyond these the vertebrae, thirty-five in number, 
are free, with short, straight, and thick pleurapophyses, articulated to the sides of the 
anterior expanded portions of the centrums. They diminiRb to mere tubercles in the 
first caudal vertebra, and disappear in the remainder. The neural arches of the caudal 
vertebrae are flat above, and without spines. The strong columnar scapula, 51, is 
attached by ligament to the first costal plate, and, retaining its primitive rib-like form, 
it descends almost vertically to the shoulder-joint, of which it forms, in common with 
the coracoid, 52, the glenoid cavity. A strong subcylindrical process or continuation of 
the scapula, representing the acromion, bends inwards to meet its fellow at the middle 
line. The coracoid continues distinct from the scapula, expands, and becomes flattened 
at its median extremity, which does not meet its fellow or articulate with the sternum. 
The iliac bones, 62, are vertical and columnar, like the scapula, but are shorter and more 
compressed : they articulate, but do not coalesce, with the pubis, 64, and ischium, 63. The 
acetabulum is formed by contiguousparts of aU the three bones. The pubis arches inwards, 
andexpandsto join its fellow at the median symphisis and the ischium posteriory. It sends 
outwards and downwards a long thick obtuse process from its anterior margin. The ischia, 
in like manner, expand where they unite together to prolong the symphysis backwards. 
In the skull the parietal crista is continued into the occipital one without being 
extended over the temporal fossae, as in the turtle ; the fascia covering the muscular 
masses in these fossae undergoing no ossification. The bony hoop for the membrana 
tympani is incomplete behind, and the columelliform stapes passes through a notch 
instead of a foramen to attain the tympanic membrane. The mastoid is excavated to 
form a tympanic air-cell. In the Australian long-necked terrapene {hydrasput UmgicoUis) 
the head is much depressed, the mastoids arc excavated by large tympanic cells, and 
prolonged backwards : the frontal is produced forwards as far as the anterior nostril, 
where it terminates in a point between the two nasals, which are here distinct from the 
prefrontals. The margins of the upper and lower jaws are trenchant : the hypapophysis 
of the atlas has the form of a diminutive wedge-bone, forming as usual the lower part 
of the articular cup for the oceipital condyle : the rest of the body of the atlas, or 
*^ odontoid," has coalesced with its proper neural arch, which developes two transverse 
and two long posterior oblique processes, as in the chelys. 
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la ihf} true or land toitoiEes the tcmponil doprc^sioni are expoacd, m in the box- 
tortQlsc^ and freaJi-wator terrapciica : the heoxl ia prctpertionally Email, and can bo with- 
ch^im l>eiififltli 1hd prot^etiYc T«>ot" of the carapace, Tbe skull is roundtr and lesa 
dio^r«fiiBed thim m. the tprrapenes : tie froatela enter into ttio fonwation of the orbital 
hortier. Thtj tympanio hoop h notched hehind, hnt tho t.4.dumelliform stap«?a passei 
thtotigh a small foramen. The pfllatine proecisaca of the niajrillsriea are on a pkaa 
mncli below that of the cfmtinnation of tie ba^is cranii, formed by tho Tonier and 
I palatinee. In most of the cheloTUfl. the nasal hone is connate ^ith the prcfiontal ; and, 
in all, the tympanic pedicla ia firmly wedged between the hnoad pppDndago of tlie max- 
illary arch, formod "by tlie mfllar, 26, and flrpiamo^ 27, in iront, tind the mastoid, S> 
behind. The broad'hendod terrapcnij (jjodimiemf/s ex^punm) diifera irom other fr^ah^woter 
tcffteises, and approaches the maiine tortoiaea (turtles), hy tho vaulted hony roof arehmg 
over iha temporal depressions, Thia roof ia thietiy formed hy tht^ pimctab| but differ* 
from that in this turtlefl in hiding completed laterally by a loiter proportion of the 
squitmosEil than of the jMst frontal, which does not e:re«d its relative m^c in other ter- 
rapenes. The present epecica Inrthcr differs from the murine titrtlca in the non- 
ost^cation of the vomer and the consequent abseuoe of a septum in the posterior 
nortrilg ; in the greater breadth of the pterygoids, wMeh eend out a c>omprGKted rounded 
prooess into the temporal depresEionB i tho orbits also are mmh EinallerT and are hounded 
behind hy orhiiiil processes of the postfrontal ^nd molar hones: the moatoids and 
paroccipitala ore more prodiiosd hadcwurds, and the entire edcnH ii moro depro^sed ^h^n 
in the turtlea. 

The ordinary poaition of tho scapular extremity ia a stato of extreme pTonationj m 
shown In Fig. 20) with the olec^ranon, or top of oi^ thrown forwarda and outWBirda, 
and the radial side of the hand, or thumb, t, directed to tho ground. Tho hnmerusr ^3, 
18 strongly hcnt in a sigmoid form, with the anecmal surface convex and directed 
upwards and outwards : the two tubcroHitica at the proximal end are much developed 
and bent towarda the palmar aapeot, hotmding a deep and 'wide groove : that whidi 
answers to tho external tuberosity is tho sniallest^ and by the rotation of the humeuM 
it hccomca the moijt tntemftl in position. ITie proximal row of the corpus consiat^ of 
four heneflr— viz^p a largt'^ eeapholdoB, & small lunare, wedged into tho interspace of tho 
tndiua and ulna, a large cun^iforme, and a amoll pisifonne. The sceond row conaista 
of five distinct bones, corrcjiponding with the five digits ; those eupporting the fom-th 
and fifth answering to the os uncifoTme, the remaining three to the trapezium^ t^ape- 
s^itka, and magnum. The firat and fifth of the digita have each one metacarpal and 
two pbalangea -, the rej»t, r ^ uV, {f!^ have eath a metacarpal and three phalangeal A 
sesamoid hone is placed honeath the metooarpo-phalangeal joint of tho three middle digita. 
In the pel vie extremity, the femurj Bo, w sigmoidally brmt, but in a less degt*o 
tha.n tho hmnenta^ and in a shorter bone. Tho patella ia ligamcntona ; tbc synovial 
joiftt between It and tho femur is distinct fi-om the proper €cirn3iQlo of the kneC'joint; 
Ute fihiila, 66, is longCT and more slender than the tibia, 60; a smaU **£ibGlliL'* ia 
articulated to it& upper end. The pToximal mw of the taraua eonsi^ta of two hone*, 
jL^tragalus and caleanoum, which sometimes became confluent. The distal row conhistfl 
lit five hones^ four of which support the four noTtn^ toe*, (md tho fiHh, a rudiment of 
the fifth toe without a claw : tlie fourth and fiftJi of tho aecond row of tarmb answer 
to the 03 cnhoides of higher nnimalB ; the other three hones to the throo oasa cuneifointjia- 
The a^tragalar part of tho single proximal hone would seem to include the scaphoid fli 
well aa the calcaneum. 
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In tibe marine cbelonia the digits of both limbs are elongated, flattened, and nnited 
by a web ; the hands and feet having the form of fins. 

In all the chelonia tiie long bones of the limbs are solid, without medullaT]r 
cavities. 

The Skeleton of Birds.— From the massive frame of the cold-blooded, heavy, 
and proverbially slow tortoise, to the light, hot-blooded, flying bird, the transition 
seems to be abrupt, and the discrepancy between creatures so difTcrcntly endowed 
extreme ; nevertheless, at the confines of the feathered class, we find some aquatic species, 
such as the i>enguin, incapable of flight, having the wings modified to act as fins, and 
much resembling those of the turtle ; with tiie bones solid, and the feathers resembling 
scales. All birds, like tortoises, lay eggs, are devoid of teeth, and have their jaws 
sheathed with horn, and forming a biU or beak. Most birds, however, enjoy the faculty 
of flight. 

If tho stodent of comparative osteology will procure the skull of a rook, a hawk, a 
swan, or a sea-gull, and vertically bisect it, he will have a ready instance iUustrativo 
of some of the characteristics of the osteology of the feathered class. Such a section 
will diow the ivory-like whiteness and compactness of the osseous tissue, and the loose 
open otncellous structure of the bones. He wiU see that air is admitted into these can- 
eelli partly from the nasal passages, and partly from the tympanic cavity which receives 
it from the eustachian tube ; from the latter source, the proper bones of the cranium 
receive their air. Some of the characteristic features in the composition of the skull of 
birds may also be noticed : as, for example, the obliteration of all the ordinary sutures 
of the cranium, except those which unite the tympanic bone, 28, to the mastoid, 8 ; 
and that which imites tiio ptciygoid, 23, to the basisphenoid, 5 ; which sutures are 
speedily obliterated in the human subject. The premaxillary is confluent with the nasal 
and with the maxillary ; the nasal being confluent with the frx)ntal and the maxillary 
with the jugal. The jugal and squamosal are also confluent, and form a long zygo- 
matic style in all birds, connected at €be hinder extremity by a moveable glenoid joint 
to the outer and lower part of the tympanic The pterygoid articulates, in like manner, 
with the inner and lower part of the tympanic, the moTements of which are thus 
communicated to the upper mandible, so flu: as the junction of the nasal with the 
frontal admits of such independent motion. The upper jaw, or mandible, which 
includes the vomer and nasals with the maxillary arch and appendages, is moveable 
in a bird through the junction of the nasals and nasal branch of the premaxillary 
with the frontal, by means of a moveable artienlation, or by elastic plates. 

If the student will next separate one of the vcrtebrsB of the trunk from the rest, and 
cut out that portion of the long and broad breast-bone to which its pair of ribs arc 
attached, he will have a segment of the skeleton, answering to that figured in Fig. o, 
p. 169. 

The cut suifaces wiU demonstrate the light ccUulosity of the divided bones. The 
following letters indicate the elements of such modified vertebrae of the thorax : y, cen- 
tnun, with its hypapophysis ; pj parapophysis ; rf, diapophysis ; «, neural arch and 
rudimental spine ; plj pleurapophysis ; A, haemapophysis ; A«, haemal spine. The ten- 
dency of individual elements and bones to coalesce in birds has already been illustrated 
in the cranium ; it is shown, in most birds of flight, not only by the confluence of the 
centrum with the neural arch, but by that of several consecutive centrums and arches 
into a single bone, in the ample chest. In like manner the hscmal spines, which con- 
tinue distinct in many vertebrata, have here coalesced into a single bone, which articu- 
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latea on. ea^Ii aMe witii the hs^mapoplijaeia of severftl TertubrsB, 
nro also much deTclopcd in braadtii, and aend 
doivTL, from tho middlG of thpir under sur- 
face, tL longitudiiifll crest or kcL4. Thia 
modification relates to the oxtdnaion of the 
fiurfaco for tho Oirigiii of the great muBclca 
of iiigbtf and renders the ** stemum,'^ aa the 
eoalegc^d sencia of hucmul spme^ is called, 
ouQ of the moat ^^haiacteriatic porta of Hiq 
skeleton of tho bird. OBsifioation e^tteudB 
from tho neur^ arches Into the tendons of 
the vertebral muBcLes, and suE^h bonC'ten* 
donSf both here and in other parts of the 
hodj, 08 the lege, ore also charaetcriatic of 
biidd. The m:apiila (Fig. 24) ^ t^ 1 , la long and 
alEiuder, aa in ihi» chelonia^ but i^ mare 
c<jmpnj3aed and sabrc-shaped. The eoracoid, 
52^ aa a general rule, is a distinct bone^ move* 
ftblj articulated to tho scapula at one end 
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and to the itenram at the other 
gomphosis with a deep groove 
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Tig. 31,— sKKLEto^ or thr swan [Cif^iia fi^rtti]^ 

s broad stcm&l end here ttrticnlates I 

ic fore part of tho sternum. The clavicle (r*.)^ 58, 
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artienlates with the coracoid above, but is confluent with its fellow and with the keel 
of the sternum below. The iliao bones, 62, are remarkable for their l^igth, and for 
the number of the yertebrso, or the great extent of the confluent spinal column, to which 
they are anchylosed. They reach in the swan, and in most other birds, from the tail 
forwards to the vertebrae with moveable ribs. Thus the artificial characters of a " lumbar 
vertebra" are wanting. The pubis and ischium on each side have coalesced with the 
ilium to form the lower boundary of the widely-perforated acetabulum. The pubis is 
long and slender, joins the ischium of its own side near its lower extremity, but does 
not join its fellow; thus the foramen ovale is defined, but there is no symphysis pubis : 
the absence of this symphysis facilitates the expulsion of the large ovum with its 
unyielding calcareous shell. The ischium coalesces posteriorly with the ilium, and 
converts the ischiadic notch into a foramen. The caudal vertebrae, Cd, are few in 
number, with broad transverse processes formed by confluent pleurapophyses, the limits 
of which may still be traced. A haemapophysis is articulated to the lower interspace, 
between the fourth and fifth caudal, and is anchylosed to the sixth. The humerus of 
some of the larger birds of flight — e, g.y the pelican or adjutant cra^ — is remarkable for 
its lightness, as compared with its bulk and seeming solidity; it is, in fact, a mere shell 
of compact osseous tissue. The orifice admitting air to its large cavity is beneath tho 
great tuberosity at the proximal end. 

The keel is excavated, not only for the reception of an air-ceU, but likewise for a 
fold of the windpipe, which fold expands with age, and lies horizontally in the sub- 
stance of the back part of the sternum. Small pneumatic foramina are situated at the 
anterior and inner surface of the bone, and perforate the articular surfaces for the sternal 
ribs. 

In the skeleton of the wild swan {Cygnus ferui) (Fig. 24), here selected as an illus- 
tration of the ornithic modification of the vertebrate type, there are not fewer than twenty- 
eight vertebrae, C S D, between the skull and the sacrum, the last six of which, B B, 
support moveable ribs : of these the first and second pairs are free ; the next four are 
articulated to the sternum by bony hsDmapophyses ; the last five pairs of ribs are 
attached to Ihe sacrum and also to the sternum ; but the tenth, or last rib on the left 
side, is very rudimentary, being only about one inch in length. There are eight caudal 
vertebrae, Cd, The trachea or windpipe penetrates the sternum, and bends and winds in 
the interior of the bone before returning to enter the chest. The apex of the furculimi, 58, 
bends upwards, and forms a hoop over the windpipe as it enters into the keel of the 
breast-bone. The furculum, sometimes called " merrythought," consists of the two 
clavicles confluent at their lower free ends. If a portion of the one side of the sternum 
be removed, the tortuous trachea which it incloses will be exposed. To the great length 
and peculiar course of the windpipe in this species is to be attributed its remailEkably 
loud and harsh voice ; whence the name hooper, < or whistling swan, has been derived ; 
and is applied in contradistinction to the domestic or mute swan, in which, as in most 
other birds, the trachea proceeds at once to the lungs, without entering the sternum. 
In the female of the wild species, the course of the trachea is much more limited than 
in the male, seldom penetrating the sternum to a greater extent than from three to four 
inches. 

The breadth of the sternum, and the strong ridge or keel that descends from the 
mid-line of its under surface, relate to the increased extent of surface required for the 
attachment of the " pectoral" muscles, which are the active organs of flight. In the 
land-birds devoid of the power of flight, such as the ostrich and apteryx, the keel is 
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wtmting oad the fltenium w shoirt. ILa ^mous propcrtionSj processes, natdiea^ mid. peEv> 
fomtiona render it a very clmnicteristic bona in birds. 

In no order, founded upon niodificiitiond of the feet, la tlie Btemum moro? diYEraiEed 
in eharactor Lfean in the palmipedes or wtib-footed order; for iiL nono are tiie powrra at 
iigbt enjoyed in sncli different degrees, or exercked in Buck TTuioaa waj3^ frDm the 
frigatc-Mrd do\¥ii to tlie penguinfl, whtre tlic povor of flight is abrogated^ and tbe iiidi- 
numtid wtdgs uised as fin^. 

la the goose &nd duck tribes, as well as the swans {amireSf liim.]^ ttue stamum is 
long and broetd, and prc^Dnts two moderately wids imd deep hind nrAchea ; the costal 
processes ore -oAually subquEidrate ; the cera^oid grooves are contiiL'uod into one 
another fit th^ median line ; the costal tract fbnns about half of the hiteral margin in 
the duelcjj and gee^e^ and t^-^o-thirdfl or more in the ewans; tho interpeciioral ridge 
extends from the prominent part of the coracoid margin backwordsj neady parallel 
to tbe lateral margin, to the inner aide of fh^ lateral grooves ; the bock part of the 
sternum between the groovca is quadrate, with the anglca sUghtly produced in moat; 
there h a short nianubrial prtKiCSS belaw tiic comcoid groove. The form of the sternum* 
its long keel, and tho backward production of the lung and slender ribs, give a boat- 
like Egnro to the trunk of thoao swimming-btrda which is wt^U adapted to their titvourito 
medium and mode of locomotion^ The bonea of the wing or anterior extremity do not 
present that extraordinary development which might he expected from the powers of the 
member of which tbey fomi the bosia. Tho great expmiBe of the ^ving is gained at ihs 
^KpsBse of the epideimoid system (qnilla and feathers, like hairs and scales, are tbiok- 
cned epiderm), and is not exclusLVcily prodnocd by folds of the skin requiring elon^plied 
bones to support thom, ba in the ilylng-fiah, fl}'ing-liaard3, and bata, The wlng-bouefl 
of birdfi are, however, both in their formfl and modss of artieulatiou, highly charac- 
tenfitio of the powers and applicatioua of the muscular apparatus requisite for the due 
actions of flight. T]io bones of the shoulder consist on each aide of a acapnia, 51, a 
Wjracoid, 62, and a claviclej 68, the davides being, as a general ni3e in birdfi, confluent 
at their median enda, imd so forming a single bone called '^ fujculum" or " os fhrcatorium ;*' 
this farther modiiication of the haemal arch in birds, repeating that of the pubis and 
lower jaw in some other animals, having occasioned an additional specific term in omi- 
thotomy. The scapula, 51, is a long, narrow, flat sabce-shaped plate, expanded at the 
humeral end, where it forms externally port of the joint for the arm-bone ealli^d 
** glenoid cavity," and extonde^d haokwnrds nearly paraQel with the viertebrDe^, oa hr as 
the ilium, G2, in the swan| and tcaehing to the last rib in the swift; but it is mneh 
aborte^r in the birds incapable of flight. The coracoid is the strongest of the bones of the 
acaptiLar arch : it forms the anterior bftlf of the glenoid eavity, extendi above tbia part 
to abut upon the furcnlum^ and is eontinuEd downwards below the joint, expanding, to 
ho fixed in the transverse groove at the fore part of the Rtemmn ; it thus forms tbe 
chief support of the wing, and the main point of resistance doling its downward 
strokes. In tho hawks and other birds of prey, and in the crows and most passerine 
hirdfi, a BjmalL bone (os hnnmro-capflulare) extends between the scapula and coracoid 
along tho upper part of the glenoid cavity ; this is absent in tho SK^an and other tswim- 
mers, as well as in the gallinaceous and wading^ birds. Tlie bumcnis, 53, i.^ usrually 
a long and slender bone, but is not always developed in length in proportion to the 
powers of flight ; for, although it is shortest in the stmthious birds and penguins, it is 
also T^ry short, but mndi thicker and stronger in the sivift and hTimming-birda. The 
head of the humertls b ttansTcrsely oblong and convex ; it is farther enlarged by two 
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lateral crests ; of these the superior is the longest, and is bent outwards ; the inferior is 
thickened and incurved, and beneath it is situated the orifice by which the air penetrates 
the oaYity of the bone. The articular surface at the opposite or " distal" end is divided 
into two parts, one internal, for the ulna, of a hemispheric form, the other also convex, 
but more elongated and oblique, extending somie way upon the anterior surface of the 
humerus. The extremity of a long bone of a limb which is next the trunk is called 
the *^ proximal" one; the extremity farthest from the trunk the '^distal" one: they 
are not always *^ upper" and " lower." The ulna, 55, glides upon the inner hemi- 
spheric tubercle, upon the trochlear canal, and on the hack pert of the out^ convexity. 
A ligament, extending &om the outer part of the head of the radius to the outer part of 
the olecranon, above the posterior margin of the outer division of the articular sur&co 
of the ulna, plays upon the back part of the radial convexity of the humerus, and com- 
pletes the cavity receiving it. The ulna is always stronger than the radiufi ; but both 
are long, slender, and nearly straight bones, so articulated together as to admit of 
scarcely any rotation which adds to the resisting power of the wing in the action of 
flight. The upper part of the ulna, or " olecranon, " is short. In the tendon attached 
to it a separate ossicle is developed in the swift, and two such bones in the pen- 
guin. The ulna is often impressed by the insertions of the great quill-feathers of the 
wing. 

The bones of the hand are very long and narrow, with the exception of the two 
distract or imxmchylosed carpal bones; these are so wedged in between the antil»»- 
chium, 54, 55, and the metacarpus, 57, as to limit the motions of the hand to abduction 
and adduction, or those necessary for folding up and spreading out the wing. The hand 
is thus fixed in a state of pronation ; all power of flexion, extension, and rotation is 
removed from the wrist joint; so that the wing strikes firmly, and with the fuU force of 
the depressed muscles, upon the resisting air. The part of the hand numbered 57 in 
Fig. 24 includes the metacarpal bones of the digits answering to the second, third, and 
fourth of the pontadactyle members, which are confluent at their proximal ends with 
each other, and with the '^ os magnum," one of the carpal bones, now forming the 
convex base of the middle metacarpal. This metacarpal and that answering to the 
^^ fourth" digit are of equal length, and are also confluent at their distal ends ; but the 
middle or "third" metacarpal is much the strongest. That answering to the " second" 
digit, tV, is very short, and like a mere process from the third ; it supports two short pha- 
langes in the swan. The third metacarpal supports three phalanges, »V», the fourth a 
single phalanx, iv. All these are wrapped up in a sheath of integument, and are 
strongly bound together ; so that the wing loses nothing of its power, whilst so much 
of the typical structure of the member is retained, that every bone can be referred to 
its corresponding bone in the most completely developed hand. 

In ornithology the large quiU-feathers that are attached to the ulnar side of the 
hand are termed " primariaB,** or primary feathers; those that are attached to the fore- 
arm aro the " socundariae," or secondaries, and " tectrices," or wing-coverts ; those 
which lie over the humerus are called " scapulariae," or scapularies ; and those which 
aro attached to the short outor digit, «, erroneously called the "thumb," are the 
" spuriae," or bastard feathers. The bones of the leg do not present the same number 
of segments as those of the wing, that corresponding with the carpus being wholly 
blended with the one that succeeds. 

The pelvic bones ofier this contrast with those of the shoulder, that they are always 
anchylosed on either side into one piece, " os innominatum" and no^ at the median 
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line, wlulst tliis is the only place wtere the elemefits of the ecapiilar sppnratm are 
tmitod bj hoiiG. hi tlie young bird tlie 03 imujmiimtniii k compoacd of tliree bones. 
The iliiini, 62, ig flattened, elongated, uauallf aneliylosed to a Teiy long socnun ; it 
fonnfl the upper half of tlie joint for the tliigh-Tjone, called " cotyloid cavity/' Tko 
puMfl, Mf is Tory long and slender : it does not meet ita fcEow at the middle line in an^ 
bird MTfi the ostrich, hut ia directed backwards, with its free extremity bent down- 
wndfl* The polvia of the ostrich ia bo vast, that the puhio junction completing it doeg 
not impede the exit of the eg^ ; in other birds the open pelvis facilitates tho passage of 
that large and brittle gcuerathre product. The ischium, 63, is a simple elongated hone, 
extending from the (cotyloid cavity bacJiwardj?^ parallel witb the ilium j it sometimes 
^ coaleeceii, as in the swan, with both the ilium and pubis at its distal end. 

Ths eotyioid cavity is incomplete behind, and ia closed there by ligament. The 
f<3izinr, 65| is a ehort, eylindrical, almont ijtmigbt hone ; the head is a small hemiaphere, 
presenting at its upper part a depression for the "round ligament." The ginglc large 
" trochanter" gEuerally riacs above the articular eminence, and is eontinuoTis witli the 
outer aide of the shail:. The orifice ibr the admission of air is situated in tfao depres- 
sion between tho trochanter and head^ The distal end presents two condyles, the inner 
one for the inner cond)^loid caYity of the tibia ; the outtfr one for the outer cavity of 
the tibia and for the fibnla ; the outer ctnidyle is produced into a ecmieircular ridgtJ, 
which paasee hetwecn the tibia and fibula ; this ridge puts the outer elastic ligament on 
the Etretch, when the £.bula is passing over the condyle, and the flbula h pulled into a 
groove at the hack of the condyle, with a jerk, when in extreme flection ; this spring- 
joint is well exemplified in both the swan and water-hen. 

The proximal end of tho tibia is divided int-o tho two shallow condyloid cavities 
above noticed : two ridges aio extended fi-om its nppcr and anterior surface ; Ihe 
atrongest of these is the '^ procnemial" ridge, and is slightly bent outwards i the shorter 
one on tho outside of this is the *' ectocnemial" ridge ; they are usually united abovo 
hy a transverse ridge, called ** epicnemial" ridge ; this is developed into a long 
process in the divers, grebes, and guillemots : a fibular ridge projects slightly from the 
upper third of the tibia fbr junction with the fibula. The distal end of the tibia forms 
ci transverse pulley or trotMea, with the anterior hoi*ders produced. Above the fore part 
of tho trochlea is a deep depression, and in m:iny birds an osseous bridge extends 
acrois it. 

The third segment of the leg, 69^ is a compound bone, consisting originally of one 
proximal piece, short and breads presenting two articular concavities to the two thidt 
and round bortlers of the tibial trochlcaj of three metatarsals which coalesce ^T.th each 
other and with the above tarsal piece, and of one or more bony processes which aro 
ossified from the back part of the proximal piece, or from the proximal ends of tho 
metatarsals, and whii^h, from their relations to the extensor tandoni, are called ^^ cal- 
caneal*' prucoases^ In most birds a small rudimental metatarsal, stipporting the inner- 
most toe or " hallux,"* t, is oi-tieulated by ligament with tho innermost of the coalesi^ed 
metataraalfl, and is properly included in the same segment of the Hmb, The thi^e 
principal metatarsals aro interlocked together before they become anehyloaed, the 
middle one being wedged into the back part of the interspace of the two lateral ones 
above, and into the fore part below, passing obliciuely between them. The i>ei*iod at 
whioh these several constituents of the *' tarso-metatarso " coalesce is shorter in the 
birds that can fly than in those that cannot ; and tho extent of the coalescence is least 
in the penguins, in which the true nature of the compound hone is best seeiL 
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Th& modifications of th^ tar^-mt^tatarse ana chi^^ manifeflted in ita jf^tiye length 
and ttitcknoss, in the nclatiye lengtli of itis three met;itaisalH, aa.d in tke nmober and 
com|»le£ity of Hlg calcaneal ptoceasos. 

The inner of the t^'o caTities for the condyles at the prosimal end of the hone is the 
" entocondyloid " cavity or aurfncCj the outer one the **ectocoivdyMd" fiurface; {h^j 
are flcparated by an " intercondyloid" tratit^ from the fore part of wliich there usually 
rises an interoondyloid tnheroaity. The entocendyloid cavity ia uanaUy the largest and 
deepest : it la m in the ruTen, in whieJi the ha^ of the intorcondyloid tubercle esl^ends 
over the whole of the intercondyloid Epace. There are three calcaneal processes t one, 
caEed the *' tintocalcanEol," projects from below the ^ntocDndyloid canity, and from 
the hack part of the upper end of the i^ntomctatarse ; a sLxsond, called the " mcBO* 
calcaneal," ^om the intercondyloid tract and tlie meaometatai^eT and the third called 
** ectocalcancal," from behind the ectocondyloid cavity and the ectometatai^e. These 
three proccsaes are united together by two trimfirorso platee circTnnacribing four eanak, 
two smaller canals being further carried between the ento- and meso-calcancal processes. 
The primitive interosseouia spaces are indicated by two small foramina at the upper and 
hack part of the ahaft, which converge as they paatj forward, and tcnninato by a single 
foramen at the fourth part of the anterior concaHty. A similar minute canal is retained 
between the outer and middle metat^ir^s, near their distal ends ; each mctataraal then 
becomes distinct, and developer a convex condyle for the proximal phalanx. The middle 
one is the largest, and e^s^tends a little lower than tlie other two ; it is also impressed by 
& median groove ; the mere compressed lateral condyles are simply eonvci, and are of 
equal length. A rough surface^ a little way above the inner condyle, indicates the place 
of attachment of the amall metatarsal of the hallux. 

In the swan and other anserine birds the calcaneal prominence presents four longi- 
tudinal ridgoa, divided by three open grooves, the inncrmOKt ridgo being the largest ; 
the shaft is subquadrat^, with the angles rounded, and none of the surfaces are chan- 
nelled* The inner condyle j=earccly ostenda before the base of the middle one ; the 
canal perforating the outer intercondyloid space is hounded b^low by two small bans 
passing &om the middle to the outer condyle^ and which bars define the grooTe for the 
adductor muscle of the outer toe. 

The tarso-metataree of the diver (iBot^fmi^m) is remarkaMy modified by its extreme 
lateral compression. The en to- and eeto-caleanca are prominent, oblong, anbquadrate 
plates, inclining towards each olherj but not (juite circumscriljing a wide intermediate 
space. The broad outer and inner surfaces of the shaft are nearly flat ; the narrow 
fore and back surfaces are chBuneUcd ; the antexior groove leads to the wide eanal^ per- 
forating obliquely the shaft above the outer intercondyloid space^ from which a narrower 
caual condueta to that interspace* The middle and outer trochlefl& are nearly eq^ually 
developed ; the inner one stops short at the base of the middle one. 

The number of toes varies in different birds j if the spnr of the cock be regarded aa 
a rudimental toe (which is not, however, my view of it), it may be held to have five 
toes, while in the ostrich the toes are reduced to two* Eirds, moreover, arts the only 
class of animals in which the toes, whatever be their number or relative si^Cj always 
differ from oud another in the numbcj' of their joints or phalanges, yet at the same time 
present a constancy in that variation. 

The innermost or back toe, i (Fig. 24), answering, as I believe, to the "baUui,*' or 
innermost digit of the pentadactyle foot, has two phalanges ; the second too, ii, has three, 
the thini toe, tiV, four, Mid the fourth toe^ ir, five phalanges ; I believe the toe answer- 
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tlie air ac£ an angle 



b^ ^Ailfaift Vttritb «ir; lids i 

Ag iaet^j ciflit^ flail hnm^ ikm hemA m& tbs traak if a psi^al 
aa m Fig, 34. Tbr act r\t rwiMniiiji ii tm* inl mdj 
by ibe «pec^ pv^^tj of tiie bodr^ by^a liMt4ftB ibqi? of tbe' tnmk, aod % IbL 

IfaF toei togvlter. Tlie eSeist of tkeae we1>-^t m water k ftan^n^ iMJUiiil by^te Ims 
Ijm^ close logethei- vk^n cftrrwd tanrtA ; v^ibt, «tt -Ibe 
V 1ibe7 lie fnpnukil ia ftzSdag ba^iwanb. Th^ ou^li^ ftctum nf Ae l%s 




vat tlie fiiat vlio^ fe^^ oumfm i aau «f tli« ^nKtamami p^nHaritios ixMhe 
knasa 0«me and tlie atmcUiie ol Iki^ demtiDiStafifd, to a Mrtdn «^teat« the iiBpiie&r- 
Ulitf of the neaiizatuxx of tht ebetialied project of ftyiag br mam. Ho ixiir^il of 9tm 
CiOfkcliialcm from a comparifOa of the f:>nii and ftren^thi. of ^le auadii of tiK Wi^ga of 
fabda with 1^ oonoopoadiiiff maieles of the human bodv. 

in tTin riBM WiTOaiilti Til flm nkimi 
' quadmpeds wiili the aaked apodal whaka and 
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biped man, the ibrm uf the animal kinodified for a great divorsity of kinda and spherce 
of loeomotion. Somo liyt? exclusively iti the oMftiij and cl^aTO the liqtiid t'lenieiit iiixdur 
the fortu and with the looomotiTe po^rera of fi^es^ some ftrequent thu fn^sli watew; 
SQin^ paaa a stibtctTaneoufl existence, and work their way through the solid oaith; 
some mount aloft, to sc*k and aeize tht'lr prey in the air ; Bome pass their Uycs in 
trees ^ most, howeYer^ dwell on the cortLh^ with varioos powers af walking, mnning, 
snd leaping. Lastly, roan 1^ indUfied to s^ustain his £mme erect on the hinder, now 
beoome in him the lower, Kmhs. 

In liie IVtamraalian cla^a, aftcordmgly, wc find iiht\ limhs progresBivoly endowed with 
tnore Timed and complieatf?d powers . Thoy retain in the Cetat&a (whale and porpoiae 
tribo) thGir primitive form of flatteiied Una ; in the Uttfuitfta (hoofed beaitfi) one or 
more of the digits acquire the full complement of jointd, hnt have the euttremity enve- 
kped in a denote hoof; in the Unpdculntit (qtLadrupL'da with clflfWa) the limhsj with 
fODi^m proportions, have the digits Uherated, and orniod with elEtW3 oonfintd to the 
uppei* aarfaee, leaving the under surfiice of the toea free for the exercise of tcuedi ; in 
the mole the hand 15 shortened, thickened, expanded, &£id converted into a sort of 
«padc ; in the bat the fingei^ are Ifin^hencd, attenuated, aiid Tuadc uutstretchers ami 
supportcra of a pair of winga ; in the Qti&drumma (ape And monkey trihes) cerfadn 
Sptu are t'Tidowed with spceial offices, and by a partieulor position cnaMed to op|K>ae 
Ithff others, ^0 as to eei^^e, retain, and gtn^. Laatly, in Man the offices of support and 
ItHJorootion are assigned to a Bingle pair of m^^hers ; the antei-ior, and now the uppor, 
Ifmha heing left free to es(?eut© the various pnrposes of th^ wiil» and terminated by a 
liftnd, whieh, in the matehleBs harmony and adjustment of its organiiration^ ia made iMe 
fuitfible inatnimcnt of a. rational hcing. 

In eDntemplaticig and comparing the pkelttons of a suries nf mamma) ^, tlie mnst 
*iSfaiking modifications are observable in the strneture. and proportion** of the limh^. 

There are a few oetoologiea] eharaeterfl in whieh all mammalifi agree, and by winch 
lliey differ fi-om tiie lower vertehrata ; and aome have been supposed to be pccniliar to 
ihfin that are not so* The pair *>f occipital cowfyloa, e. ^*, dtvelopod from the 
exotieipitalSj are a repetition of what we eaw in the batraehia. The fiat suffaeets of Obc 
bodies of the trunk-vertebrEO were a oharacter of many extinct reptiles ; but thisc 
itnfacea in mammals are developed on eqjarate epiphysial plates?, which coa2«eco in 
'tii^ eour^^ of growth with the rest of tiie eentnam. Moveable ribs, projecliug fret'ly 
(jdtjurapophyBGa) in the cervieal' region, may be foimd in a few exeeptiwial cases (sloths, 
' Mi(^tibtrtta6&) ; bony sternal ribs (hiemapophy&e6) cjdflt ia mo&t Edtmiata ; a otmacoid 
citeii^ng, aa in "birds and lij^ajulii, from the scapula to tho sternum, with an *^€|acom- 
coid," as in lizards, is present in the monotremea (platypus or duek-.mole, smd ei^hidfia 
01* ftpiny ant-cater, of Australia) ■ tho ootyloid cavity may be perforated in the same low 
maimnak as in birds ; the digits may havo the phalanges in varying nnmber in tiie 
fitme hand, and cieecdin^ three in the same finger, e, f/., in the whale tribe. But. the 
fbEowing osteologieal eharactera ai-c both eommon and peculiar to the mammalia. Tie 
sqniUnoBfil, 27, or aecond bene of the bar continued bock^'^ardB ftom the maxiEary arch, 
is not only expanded a& in the thelonla^ but dcvelopea the articidar Burfane for the 
mandible, and tMa surfiicc ia either concave at pomo part or ia fiat. Each half or ittonus of 
tiie mandihle in osgifled from a single centre, and consists of one piece ; and the condyle 
is either cCKOvex or is flat, never concave. The prespbenoid (centrum of tiie parietal 
Tcrtehra) is developed distinctly from the hasisphenoid ; it may bei^ome confluent, but 
i^ not contiate, therewith. 
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Ono tnown T"i*^T^**^ft^ (tlie thrce-toed aloUi) li^ more, ajid one (the manatee or sefl- 
cjow) has less than Beven vcrtcbnE of the ueek, Iii the rest of the class these vertebnc, 
whiek have the plenrspopliysefl short and uauaUy anchjloaed^ are scvien ifl numhcir. 
Skeleton m Uie Cetacea ox Wbale Tribe.— Iq the ^deton of thf] whale 

(Fig. ^S)f which to outward appear- 
^' ^* ance fleems to have as little neck as a 

fish J there are as many cervical ver- 
tebtse as in the bng-neeked gfiraffe : 
this is a very striking irwtance of 
adherence to type within the limits of 
a class : the adaptation to form and 
function is effected by a change of 
proportion in the bones ; the cervical 
Tertehree in the whale arc flattened 
from before hackwardfi into broad thin 
plates ; in the giraffe (Fig. 30) they 
are produced into long suheylindiical 
hones* In the whal(*a the movements 
of theac vertebrss npon one another 
are abrogated, and in the grampus 
and porpoise the seven Tertehrse are blended together into a Esmgle bone ; they thus giro 
a firm and imyielding support to the large head, which has to overcome the reaktance 
of the water when the rapid swimmer is tleaving its course through that element. The 
dorsal vcrtehroe are chazacterized in all mammalia hy the sudden increase in the length 
and siae of the ribs, which, in a certain number of these vertchra?, including the fiiBt, arc 
joined to a breast-bone by a commonly cartilaginousj rarely osseouSj part. The first rib is 
remarkable for its great breadth in tko whale ; this and a few following ribs are joined to 
a short and broad and often perforated sternum (Fig. 25) , No. 60 ; the remaining rib^ are 
free, or, as they would he called in Human Anatomy, " false." They are articukted to the 
ends of diapophyses, which progressively increase in length to the last of the dorsal S4mes. 
Then follow vertebrae without ribs, answering to those called " lumbar." The whole 
hinder part of the trunlt of whales being needed to effect the strokes by which they aro 
propelled, ita vertebms aze as &ce ^m anchylosis as in fishes ; there is consequently 
no " satTum," and the caudal vertcbrse arc counted from the firgt of those that have 
" ehevron bones " articulated to their under part* This special name is given to the 
vertebral elements callod '* hsemapomophyses" (see Fig, 26, A), which are articulatEd in 
eet«ioe& v in erooodilia, directly to the under surface of the centrum, and, coalescing at 
their oppoiitB ends, devclepe thence a " hiemal spine," and form a " hajmal '* canal 
analogous to, hut not homologous with, that in fishes (eompaje No. Y, h^ with No, I, /?, 
in Cut 10, p* 182)* The caudal vertebrae of whales further differ &om those in fishes 
in rei^ining the tmnsrersc processes, and in becoming flattened &om aho^e downwards, 
without coalescing. These modifications relate to the support of a caudal fin, which ii 
extended horizontally instead of vertically. 

Wholes and porpoises progress by bounding movements or undulations in a vertical 
plane, and their necessity of coming to the surface tq inhale the air directly, as warm- 
blooded mammals, calls for a modification in the form of the main swimming instrument, 
sueb as may best adapt it to effect an easy and rapid ascent of the head. 

The course of the whole is stopped and modified by the action of the pectoral limbs, 
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wMch are the some ports as those in iialiGS, l)ut coDfltru<^ted more after the biglier Ter- 
tebrtttc type. The digital xaya do not ejcceod fiTfl in nmnher ; but they eonsist of many 
jSattcued phalanges, and are enYdoped in a common akeatli of integnmcnt. A r^ditiB, 
55, and an ulna, 54 (Fig. 25), support the carpal Bories f but, instead of being dire<;tly 
articulatcQ to the seapul^ arch^ they arc suspended to a hum ems, 53 : this ia a short, 
thick bone, with a rounded head^ The scapi^a, ^1, is detached irom the ooeiput, hofi a 
short, stunted, coracoid anehyloeed to it, and is thus freely suspended in the flesh ; it 
dcvclopBfl an acromial process : the nlno, 5i, is pnoduced upwards into an olecranon. 
With all those marks, liowoycr, of adheaion to the mammalian type of fore -ana, the out- 
ward aspect of the limb is as simple as is that of the fi^*a fin ; it moves, a^ by one joint, 
upon the trunk, and la restricted to the fttnctions of a pectoral fin* 

In the huge skull of the whale the broad vertical occiput may be noticed, by which 
the head is connected, through the medium of a short consolidated neck, with the trunk; 
the whole cranium aecms to have beeii compressed above, from before backwarda, so 
that the small nasal boncsi 15, arCicuJating with the short and very broad fi-ontala, form 
the highest part of the skull. The long mamillaries, 21, and premaxillaries, 22, extend 
backwa^ils and upwards, to articulate with the naaalsj and complete with them the bony 
entry to the air-passages, situated m favourably at the summit of the cranium. The 
nostnls, formed by the soft parts guarding that entry, are callGd *' blow-holes j" they 
arc double in the wh^es — single in the smaller cctacea. In the whales the ** baleen" 
or ** whalebone" plates are attached to the palatal surface of the maxillary and pre- 
ma.xillary bones ; the expanded toothless mandible supports an enormous under lip, 
which covers the whalebone plates when the mouth is shut* The skeleton of the great 
finner whale (Baitt^nqpUrtf loops), from, which the foreshorteuBd view (Cut 25) ia 
taken, was ninety-sijt feet in length ; tiie relative dimensions of man is given by the 
Ontline^ of the skeleton at its side. No known extinct animal of any class equalled 
this living Leviathan in bulk. 

Thcne are a few whale-like mammals, equally devoid of rudiments of hinder limbs, , 
which obtain their sustenance from sea-weeds or sea-side herbage. They have teeth 




adapted for bruising such substances, and tho movementa of the head in graiing 
require the cervical veitehraj to be unanchylosed ; these are, however, short, and in 
the manatee but sis: in numbi^rH In the dugong (Fig. 26), one of these herbivorous 
Bea-mammals ^^enting the Malayan and Auitralian shores, the upper and lower 
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jmwM tie gjiigntoirly bent down, and th^ upp^ jaw is arm^ witli ft pftlx of short tiiak». 

: 1^ bones of aU Husb/^ oeiacea ore &ij)^:ularl7 mftadre aiid oompuct. Thivn <»- f oiir of 

itm-BBltsnoT thAtacit ribe ate jdj^ to a ^t^^mum-^^tluc ttai are iree. Oilb of tbe vertebras 

ijnltfitcnioii^ betweeiL Uie coRtal and cauidal ficrifss has conneckd wTtk it ^ sunple piilTic 

I xahf m whkh the iliuia. and UcMum ccm^r be recognised, and a still more rudimgntml 

I condiiion of eniih azdj iis fituiiijiidud in the inguinal muscles of the true Dotaeefl. 

Moat of tba eaivlal yertubrs© (Fig, 26), c^ of the loan&tee and dugoug, haye long 

rliajyophj^fics^ and luncal arches (Fig. 26), /^ The tenniml T^irtebfae arc flattfinaA 

hom'>rLtftllj. 

The lacteal organs of the dti^pn^ ftitJ placed on fJie bteast^ ami the pectcii::al Sua, in 

tlie female at least, are ^pJied to clasp the Toung ; aad the Asluial f o oh^ircd, with ita 

own bead and th&t of its joung ahoye watir, li:i£! graven me to tht? fable of tbtQ w^ti 

I and mjin^iiBid. The bones Aikd joinU of the pL-ctoial tin are accordingly Iri^ttcr d^^ycLkiped 

I than in, the ordinary whaled The &8t row of carpal bone^ 56, consists of twc» — one 

; atti^dated to the radttti^ ^ the other to the ulna, iH^ £uid jifth digits 57, iv atulbothi 

td th# einglc bone rcprescnliajg tho s^oond row. Th^^ iirst digits i, eon^ists of ^ sh*:>rt 

metacarpal ; the metacarpals of the others support each three phalanges. 

8kelt(t«ML of tlie Seal. — In the Beal tribe (F^wetda) imotht^ and well-ii^aEked atagie 
! is galni'd ia the diZyolupmciit of the torrLstrial inatnimenta of locomotion. Hind liiahii 
are now adtlod— tin.' raorine mammal hsm become a quadrupt>d* The sphere of life of 
th& Rcak is near thie ^ores ; they often come on land ; th&y ^leqi and briu^ forth among 
th& rocks and llltorai caveii : Iiiuicp the necessity for a batt^ d^^ydopmcnt of the p^^toral 
llmbfli, although those, liko the pelvio onea, still K?taia the general form of fina. The 
ikb-huattng ssoals makii moit; use of the hea^d in indupenikut jnowjut^nt^ of Btiddoi 




' sKKLETo^f OF THE w^iBiTs {Trinhiiua rotmana]* 

extension, retraction, and qiiick tuma to the ri|;ht and left, than do the cetaeca of like 
diet; and tiie walrus (Fig, 27) worlcs the head, as the place of attachment of its long, 
I viMfital, down-growing tuakxt, in vavioiif laovcnienta required in clainbcTingOi^iV-flf)^. 
and borgB of ice, AeoordiDgly, ia the scid tribe we find the S£f?en. n£ek^veiiob«0? {ili]ti^ 
bitter, and with mofe fim^hed iind free^piaying joixits than, in the whal&s luui dttgOBgaf 
lli0 aigiQoid cnryc, in which they eaa ha tlirow^n dtuing rotzmiion a£ the hfwdjOTinarfi 
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th«t inxaoslf other .Tnanunalfl, and aJjufist reiamdft ona of the extentof flezioaof J^ part 
of. the .fi^ng I3X hircla>, 

IiL: the walma^ tha skeleton of which i& here Beleoted. to. exeatpliff the- phocal idmU? 
fioation of tha mamxnaliaa skeloton, the yertehral formula is >*-7 oeryical^ C, .11 dovaal^ 
D, d lumhar^ L, 3 saaral, S, 8iid.9 cauidaL, cd. Asyint^OBfidqueBce of tha preaenoe of 
hind-limbs, a sacrum is now established, the characters of the above five Jdndftyofhod^ 
yertehrsQ, as dafinedin man and other mammals, may here h& given: the oemoel or 
nefik vertebrae "haare perforated transverse ptoceeses," the dorsal v^rtebr© "bearjiha;? 
tha lujuh^ vertehiee ^^ have imperforata transverse processes ^and no ridis -" thaaaiand' 
vei'tebrffi '^ara.anchylosedtogathar ;" the restt are caudal, vertebre».wiLat6vesr their xoodi- 
fioationa. In, the above characters, the tana. '^ rib'* is. given. vto- tha vartebral elameatl 
called ^^ plenrapophyfiifi/' when.this ia long and moveable; that^aleBient. may. bi^ and) 
ofteiLis, present,, but short and fixed, in both cervical^ lumbar, saoral^ ai^catidal verttf^^ 
brse ; in some manmials, e.ff.y numiotremes^ the pburapopi^ifi may reiBain unaskr- 
chybsed in,sem& of the aeck-vertebrsB, but it is short, like a tnmaT^raa process ( andtthe 
so-;0^d << perfojratod trans¥)ersa process" in all mammals 0(»i6istB ol^the dijE^x^hyeiay perart • 
pophy8i3,,and pleurapophysia;. thchole baing.tha interval between^o^e parte: in tbaluBk^ • 
bar vertebrae the pleurapophysis is short,, and icenfluentoriooiaAte withithediapftphym 

Eeturning to the skeleton oithe/w^lnre, ym £2^tia#t<Biim«pBi]S^ft:zibaydireeil^.|k)in 
the sternum, which consists of eight bones. . The transverse processes of the last cervi- 
cal are imperforate, consisting of the diapophysis only. The neural arches of the 
middle doi^sA vOTtebrae are without spines and very narrow, leaving wide unprotected 
intervaif pf^ti^l iliitt3nd:.c^ The bones of the neck are modified to allow of great 

extenvidd'i^edom d^mflection. The perforated transverse processes of the third to 
! the^ix^ oefvicals intiusivo iirc rcmarkiiblu for tbe di^tint^tncfls of their cQQBtitii^nt 
-pBXJ^^'jf Infterior ridges loid tub(.'nnia protje^scs^ called ** hypspDfALysaa," are developed 
j&bb^iBome dorsal und Iuml)nr vea^uhr^^. Theao piiH'^^sea indicata thp- grent djevelopmcDt 
; of the anterior YDrtobral mTaiii;!^?^ r.^. the ^*langi colli" anrl ^*psoj5&," and relato to the 
important share which tho VOTti^lrtrw aitd TnuBclea of tht> tmnk tuki- in iha locemotian of 
the seal-tribe, especially when on dry kod, whmi^ thoy m^iy be cjillcd " gaatjtjpoda/' in 
respect of their poraliar mod^ of pTO^rijFfOKTO; Th& TUlrua jilene leenia tfl havo the 
, power of supporting tt^olf on the flfne finSj »9 &« tt* raii^f^ tbf beUy from ilie unround* 
There is no trace of clavicle in. miy sual, Tlio iipper part of tine scapuhi exeeed^ the 
lower one in breadth, Ttc apme tenniuiatp.f bj-" n Hhort and Bimplc aciomion. The 
humerus is short atid thick^ and i^s remarkabli? for the grotit Jevolfsiptuait of the inner 
tuberosity and of the ddttiid ridgr, whieh ia deeply excavated .oU' iU Outer sidi\ The 
inner condyle la perforated, Thft gcaphoid aiid lunar Iwni^a are connate. Althoiughthe 
. pollex or the first digit oiicteedii tlu> thirds fourtli, and fifth iit lengthy iiprcaeDta its 
'■ characteristic inferior nuuiher of phalanges, by wbicb tbc frtw^ border of 1^ fin is ren- 
I dered more resjjjtiiig. TliLSh pelvic arch ib remarkable for th^*tunted developiti^'tit of the 
ilia, and the great length of'th*.^ iaehm and pubca. The fotam- ia equally J^eeuliar for 
, its shortness and brtJEidtb. The tibia and fibiila prca^aot the more usuajt-proportions, 
' and are anchylosed at their iwtJxinaa] ends. The? boiU59 of the foot are ttrong^ long, 
1 and are modified to form the Invi^iii of a largc^ and powerful fin : tbe middle toe ia the 
i shortest, and the rest increase in length to tlie mSiTgins of the foot ; the inner toe has, 
IneTMAtelQBBf buirtnie phaboigeey /&e; reet^ having licree 'pikH^gm^ wkaitev^'ltte^* 
; lengtb^ > anditin^aft tite Jfeypical.okiraotsr/.bio^ aa^io the^nuitib^of 1^ieM4i|$lfe''ftt 
j joivls^iiL'ba^ Can inid*lipad>&etiof jih^!nMn»iiali8. 
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In tite ItTing walms «iid veal ihe digits of eadi extremity are wsi m£tj hcfimd toge- 
ther hy ft oonuD^iii brotd web of sMn, but thorn of th£ hind^Umbs are dcndj ooimected 
vitii tKfi dtiOtt tail : bemg stnTtched oat boctworda^ tlicr agcsi to farm wxtli it one 
gre»t hcfrizoDtftl canM fin, and ttey caastitnte the ebief lucomDtiTE or^an Tken the 
sluiiuJ in ffrimmmg rapidlj in the open se&. The long booes of seals, lilie those of 
whales^ are solid. 

With reg^d Ixi the Aktill in the Be^-trib<;| it msj be i^tnai^ed that an oi&cipito* 
apbiCiiQidal hmtt is &^^ni^d, aa in iustj, by the coalescence of the baaoccipital with the 
basi^henoid ; the parts of Ihe dura mater or outer memhrane of the brain, called ^* ten- 
torium^" with the posterior part of the " iklx,'' are ossified. The sella tnnciea is s^ml- 
UfWf hut well defined behind by the oveThaiigiiig p<^terior dinoid process^; the 
petrosal shows a d^p transverse cfTneb^lhir foBsa, and ie perforated hj the carotid canaL 
The frtmtal forma a small rhinencephalic fossa, and contrihntca a r^ry large pfopontiom 
to the formation of the orbital and olfeietory chambere* 

In Fig. 27t 62 if the iMum, 63 the iJH^hium, and 64 the pnbcs, 65 h the fcmnr, or 
thij^-bone^ M the tibia, 66* the patella or knee-pan, 67 the fibula, 68 tlie taimifi, and 69 
the metatnivna and phalanges of the hind-foot; the numbeis on the other bones 
coctiespond with theae in the skeleton of the dnje^ng. 

Slieletons of Hi<Kifed QnadrtipedA— Tbe Horse »— The contrast, as regards 

Fig. 38. 




IIOUKK [SqiiUM caiallus] . 

tbe flphcte of life and kind of movement between the seal aod the horse i^ very gi^at ; 
the Imrtruments of locomotion, and indeed the whole frame, need to he very didercnt 
in an animal that can onlj ehiiffle on ita beUy alotig the ground, and one thai oan 
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ttmverae the surfaco of tho earth at tJie rate of lour miles in alit mmiiti^a ^d a half^ ns 
Wftl achieved liy the noted racer *' Phrmg Childera." The modifications in the fonn 
and proportioiis of the locomotive membora are accordingly extreme^ The limbfi in the 
horse ore as rsmarkablo for thi^ir length and dend&rneas, as in the iseol for their brevity 
and breadth. Both fore and hind limba in the borso terminate each in it fdngls hoof ; 
the tnjnk is raised Mgh above the ground, and ig more remarkable for its depth than 
breadth, espeeiaUy at the fore part ; the neck U Imig and arched ; the jawa long and 
sh^ndor, being produced so as to facilitate the act of cropping the graaa^ and leaving so 
mneh space b42tweeTi the front teeth, *, and the grinders, *n, as permits man to insert 
the inetrmnont called '^ bif ^ into the mouthy whereby he masters and guidoe liifl noble 
and valuable four-footed ally, as the ship is steered by the heliQ. 

Wore every animal eonatructed expressly and exclusively for its own peculiar habits 
of life, and irre^ective of any common pattern, it could scarcely be expected, beforehand, 
^at the same bones would be found in the borse as in the seal ; yet a companson of their 
akelotona, Cute 27 and 28, wiH demonstrate that this is, to a very great dcgrCG, the case. 
The vertebral formula of the horse is *-^7 cervical, C, 19 dorsal, D, 5 lumbar, L, o 
sacral, 9, and 17 caudal* Eight pairs of ribs directly join the sternum, CO, which con- 
sists of seven bones and an enaiform cartilage. The neural archea of the last five cer- 
vical vertebrcB capand abo%x' tnto ^ttened, aubqnadrate, horij:ontal plates of bone, with 
a rough tubercle in place of a spine i the zygapopbyses, ;s, are unusnally large. The 
perforated transverse proeesa sends a plenrapophysia, /?/, downwards and forwards, and 
a diapophysis, d^ backwards and cut wards, in the third to the sixth cervicals inclusive ; 
in the seventh the diapophyflial part alone ia developed, and ia imperforate. The spinous 
processes suddenly and considerably increase ia length in the first three doreali, and 
attain their greatest length in the flfth and sixth, after which they gradually aliortcu to 
the thirteenth, and continue of the same length to the last lumbar. The lumbar diapo- 
physes a^ long, broad, and in close juxtapodtion ; the last presents an articular con- 
cavity adapted to a corresponding convexity on the fore part of the diapophysia of the 
first eacral. The acapnia, 51, is long and narrow, and according to its length and obli- 
q}uty of position the muscles attached to it, whicb act upon the buraems, operate with 
more vigour, and to this bone the attendon of the buyer should be directed, as indica- 
tivo of one of the good points in a horse. The coracoid is reduced to a mere confluent 
knob. The spine of the scapula, 5 1, has no aicromien. The huniems, 53, is remarkable 
for the size and strength of the prosimal taberoaities in which the scapular muscles are 
implanted. The joint between it mid the scapula is not fettered by any bony bar cou- 
necting the blade-bone with the breast-bone ■ in other words, there is no clavicle. The 
ulna, represented by its olecranal extremity ^ 54, is confluent with the ratEus, 55. The 
OiS magnum in the second series of carpal bones, t56, is remarkable for its great breadth, 
corresponding to the enormous development of the metacarpal bone of the middle toe, 
which forms Uie chief part of the foot.' Splint-ahaped rudiments of the metacarpals, 
answering to the second, tVj and fourth^ tV, of the pcntadaetyle foot, are articulated respec- 
tively to the trapczoidcB and the reduced homologue of the unciform^. The mid-digit, 
tVt, consists of the metacarpal, called " cannon>bone," and of the three jihalangea, whidi 
have likewise received special naiueB in Veterinary Anatomy, for the same reasmi tm 
other bones have received them in Human Anatomy. " Phalanges" is the *^ general" 
term of these bones, as being indicative of the class to which they belong, and ^* hmm^ 
apophyses" ia the *' general" term of parts of the inferior arches of the head-BCgments * 
and just as, fiiom the modifications of theso hacm apophy sea, ihsj hflvo com e to be <^ed 
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be. tcaccd in the auimalfl with toes in even number, as compared with the horse and 
other>odd«toed .booSsd quadrupeds. In an extinct kind of horse (.S^;7pq290^S^*tW})i the 
twOf^^^Unlkbones are more doirelo^ed^ and each supports three phalanges, the last being, 
provided, with a diminuitiYe-hoof. . In the extinct FaUeotheria the outer and innezidigj^ts. 
acquired stronger -proportioxus,' and the entire foot was shortened. The transition from 
the JPo/^eoM^m^ by the extinot horaleas rhinoceros {AcerotJmrium)^ to the existing^iffliifi 
of rhinoceros, is. completed. In the skeleton of the rhinoceros we find resemblances, to 
tbciiorse in the number.of the dorsal vertebrae, in the third .trochanter, of the femur, and. 
in the number of digits on each foot, albeit the two that are hidden andmdimentalinthe 
swifter, quadruped are here made manifest in their full development : the concomitant 
sh*ftening;of.the whole foot, and strengthening of the entire limbs, accord with the 
greater, weight of :the body to bfr supported, clad as it is with a coat-armour of thickened 
tnberculated hide : tho broader feet^ termlinaitod each by three hoofs, afford a better 
basis of .support in the swampy; localities afl^cted by the rhinoceros. Both scapulaa and 
iliac bones are of greater breadth, and less lengfli. The ulna is fuUy developed in the 
fore-limb, and the fi.biila in.tho hind-leg; but ttere is no power of rotation of the 
fore^imb in anjf hoofed quadruped. The upper sncfsoe of the skull is roughened for 
the uttaehment of the hioni, and in two distinct plskwes where the species has two horns. 
If. the equine, skull be compared with that of ^lii rhinoceros, the basioccipital will 
bo seen to b© narrowor andrmore convex. The tn|8^ mastoid intervenes, as a tuberous 
process, between the. post-tympanic and paroccipit^^ocesses, clearly indicating the 
truer; nature of ths.postTtympanic in the rhinoceros Y^iBb^ \»^ shaws an intermediate 
conditioijb of'ihe mast<Hd between th^j rhiuocizrcs and horao. The latter diifers fi-om 
both the tapir audrhinoceroB in the outward product icrti of th* ^hsrp roof of tln3 orbit 
aad ther com|>letion. of . the bony franif of llmt cn\al.y Ifehindbj' tli& jtufcctiun cf the 
psfitorhital process with the zygoma. TJie k^mpoml fo,i>sa^ ^i^ tlcfLnedT ^^ flumll in pro^ 
p0Eti(»^ to tha lengjht of the- skull : the base of tbc potttorMtal proooss is perfomtcd by a 
supenorbilaJLibramen ; . the laerymal eamU begins by s. EJitgk' foismeiL The premaisil- 
laeies extend to the nasals . and shut out tho maxillaries &oiro thir imteiior aperture of 
thenostrik. The cihief macks of affinity to other odd tr^ied hooi't^d bcias^f* [P^^'i^aQdiActj/lsit) 
are seen in the<. shape, size,: aad .format ion of thc' pt^^tuior tiiKirtuLTO of d^Ji{|i£rll», the 
mo^or part of which is bofunded by tlic: pnlatiue bout'^ of whioh only eAttmall portion 
enters. into » the formafeicn. cf the bony paWe, which teiiiiinateB behind oppneitt' the 
interspace between^ the .penwltimate and last molars, A nanx>w groove divider thr' 
palatOHpterygoid.procefB fcom the socket of the In^t mpl3r,#s fc. the tapii- and rbiuootETOS. 
The ptery^dipTOoesshas but little ant^to-poaterlor estrntf its base is p^r^mtodby 
thei eotooarotid canah. The entopterygoids are thin platis £i||pUe>d like epliats over the 
inner.sidO'Of the tsquamooa snture between the pt^'iy ^d tprocrsii^ij of the pdiilines and 
aUsph^koidSti. Tha poatglenoid process in tliEj horse is k|s d4|reloped than in the t^pir. 
ITte.eustlfihiaQ prooosa is Jong and sty li form. There i'^ dti aili^rior condyloid ibramen, 
and.a widoi^'fissuralaeera.." The broad and convex baaatitof^c imsaL; artiuukle with 
the fretitais alitU^'behiftd thei anterior boundary of^tha o^^its. The £^acc bct^'een 
the inoison- andf xsolani: is :of greater extent Ihnn ii'tho tapir ; a long diaBtema h not, 
howev^ p«Ottliac. to ths* horse ; ; and, although i^ qXLows the application of the bit,.,1^t 
afplieatioiiii depends rather' upon tho general nature of the horse, and its consequent 
siiaca|»tiinJdty to he, bukea iny.than. up$m a particular stnncture which' it possesses ior 
c(ttaBfift with the TuminaiiiiisaiidiSGmdi other h 
. Xlift 'tapir rani < the roofc.coii)rH]»x»:«f«ttr digiita on «aoh , fore^foot, and .thi^ee 4^gil»n 
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m cai^ Mnd-faot ; tmt Oi^ey resemble more tlie liorse iml ilnnoc^nH than ttnj crOier 
I?S|^lilk£a, If thf> ostc-ologicsl cliHrBftfi^ of iKe lioofed wiimala witli the hmd digits in 
ttneren manber be ocmEpfirod to^e^ber, tbey will be found to pMsent, notwithstanding 
IIm dlflSnunoef of £inii, pttipaitifHi, snd slsce preseiiti^ by tbe ibmocen>£, hrmx^ t^ptr^ 
and bone, tbe fbillowiiig pomts of A^ne^enu^t, wMcJi are the inqre dgnific^tiye of nxtnnil 
affinity when contrasted with tbe skeletoos of the hoofed aTiimftT<i with digitB in even 
Btimber. Thus, in the odd* toed or *' perksodactjle*' imgtilatc^ the doi«}-liimbar tct* 
tcbtiis diflfer in different species, but are never fewer than tweaty-two ; tbfi ftmnr hoi 
Tig 30* ft tMtd l^iochanter, $iid ^ pw^ 

dnllazy artoy does n<*t penetrate 
the fore part of its shaft The 
fore part of the a^tr&galus ii 
divided into twa very iineqnal 
facets. The os TDagnum and tbe 
digitus medium which it sup- 
pott* is latgCj in some dispro- 
portioimtely, and the digit la 
symraetricftl ; the s&me applies 
to th^ ectoeuncifonxi and the 
digit it supports in the hind- 
foot. If l^e spedes be homed, 
the hora is aiagle ; or if there 
be twc^, they are placed on the 
median line of the hcad^ one be- 
hind the other^ each being thus 
a ringle or odd horn. There is 
a weU'developcd post-^tympanic 
proce^a, whieh i^ separated by 
the true mastoid from tbe par- 
occipital in tbe herse, but unites 
with the lower part of the par- 
occipital in the tapir^ and seema 
to take the place of the maatoid 
in tbe rhinoceros and hyrax. 
The hinder half, or a larger 
proportion^ of the palatmea en- 
ters into the formation of the 
posterior nareai the obHque aper* 
tiire of which commences in 
advance of the last molar, and^ 
in most, of the pennldmale one. 
The pterygoid prace^ h&a a 
broad and thick ha%, and is 
perforated lengthwise by tho 
ectocarotid. The crowns of 
the antepenult! niate J aa well m ihc penultimate and last premolars, am as complex as 
thoBO of the molarH j that of the last lower milk-molar is hilohod. To these ostedogicid 
and dental charaeters niay be added some important modificatioisa of internal structure, 
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as, 0.^., th^ simple fcixm of tli^^ stomach, and the capacious and sacculated caecum, 
oqufllly indicating tKe mutual affiLtititzs of tliti odd-toed or pcrigacidactyle lioofed quad- 
rupeda, iind their daims to be regarded as a natural gronp of tinii Ungulata* Manj 
e3ctinct genera^ e.p.j lophiodoHj tapirothenum, palficotheriunii hippotherium, acerotlLcrium, 
macraufihfinia, dlaamotlicriuia, eoryphodon, havo been discovered, which once linked 
together the now broken aeries of Perissodaetyla, rtjprosentod by the cziatiiig genera 
rhinoccroa, hjraXj tapyrus, and equiie. 

Another series of hoofed quadrupeds is characterized by haying their hoo& and digits 
in even number in both fore and hind feet. The majority of these have a pair, so 
d^vcbped as to servo as feet, and terminated by a pair of boofa so shaped as to look like 
one split hoof, whence the name ^' cloven-footed ^' given to this predominant family of 
'^ artiodactyle/' or eYon»totd beasts ; the synonym "ruminant," indicativo of the same 
great family, is deduced from the characteristic complexity of tteir act of digestion. 

Ko food is more remote or distinct from flesh tbazi grass ► EstremJtieB enveloped in 
hoofs are ini^pacitated from seizing and retaining a living prey, hence all hoofed roam- 
mala are neceasarQy herbivorous : hence the complexity of their grinding teodij the con- 
comitant strength of their grinding musclcSj and weakness of the biting muscles; the 
length of the neck, to enable the head to reach tho verdant earthy and the length and 
(dendernesa of the j&w&. The abeence of a clavide, and of any power of rotating the 
bones of fore-leg and fore-oot, are also constant characteristics of both great diTisions 
of the Un^tdata or hoofed quadrupeds^ 

The ox^ the hog, and the hippopotamus are examples of even-toed hoofed qua* 
drnpeda. In the ox, besides the two largo and normally developed hoofs, two small 
supplementary hoofs dangle behind, in each foot ; in the hog these are brouglit down 
to the level of the mid-pair, hut arc smaller ; in the hippopotamns the four digits and 
hoofs are subequal on each foot. From this type of extremity to that of the giraffe, or 
camel J where the digits are absolutely restricted to two on each foot, there is a close 
series of gradational short- comings affecting the outer and the imier toes, until they 
wholly disappear. The giraffe (Fig. 31) is a niminant dwelling in climes where herbage 
disappcai;^ from the parched soil soon afti^ the rainy aoBson has terminated^ and where 
sustenance for a terbivore of its bulk could hardly be afforded, except ^fj trees : it is 
therefore modi^cd to browse on the tender branches, and chiefly of the %ht and 
lofty acaciaa. Its trunk is accordingly short, and raised high upon long and 
fllender limbs, especially at the fore part \ a email and delicate head is supported on 
an unusually long neck. The number of vertebrcQ here, however, accords with that 
characteristic of the mammalian class, vi^.^ seven, Thoy arc peculiar for the length of 
their bodies. There are fourteen dorsal vertebrae with very long spinous processes, and 
supporting long and slender ribs, especially the anterior ones, seven pairs of which join 
the Etemum, which consists of six bones ; the lumbar vertebra; are five in number^ the 
sacral four, and the caudal twenty ; this series is terminated in the living animal by a 
tuft of longi wavy, stiff black hair, forming an admirable whisk to drive off insect 
tormentors. The blade-bone, 51, is remarkably long and slender \ its spine or ridge 
forms a very low angle, and gradually subsides as IC approaches the neck of the scapula ; 
the coalesced eoracoid is a large tuberosity. The humems, 53, forms the shortest of 
the three segments of the limb ; it is remarkable for the strength of the proximal pro- 
ceaaes ; the second segment is chiefly constituted, as in all ruminants, by the radius, 65 ; 
th(^ slender shaft of the ulna, 5G, which supports a long olei^ranon, becomes blended 
with the radius, and lost at its lower third, but its distal end reappears as a distinct 
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part. Tk& mdararpala of the rctamod digit^j tmswcHng to the tted end fcrartli in the 
imnun and other flTG-fingered (pEmtadactylG) Immrls, an? blondt'd togrtlinr to form a 
aiDgle '* carmon-bone " of tho Tetennarianf^ ; biit the unturo of this \^ different from 
that in the horae ; it diTides at iU distal end into two wt?U-formed tronhles]^, <n- pulley- 
pints, and to thtse ato articulated the digits m and ir, whieh each cj-msiat of tSmfc 
joints or pfaalang^n Thtis the main estmt of this Bingularly elon^jatM limb Is f^ainctl 
by the exccstiivc development of the hand-segroentj iTstrictcd, howrvE^r, to thoae^ dc- 
inentfi that ansTrer to the middle and ringf-flnppers of the hnmKn hand. 

The pelyis^ of which the Bacml, S, iliac, 62^ and t^fhidl, 6i, tlctmc^ts are ahown in 
Odt 31 J \s small in proportion to tho animid'H hnlk. The fetntir, {iB, is short like tht> 
hnmcrus, and chiefly remnrkahle for the great expanse of its distal end. The tibaa, 66, 
fopma thf^ irinin hasls of the legj as its hom^type the mdins dous In tho fbre-anii* 
hut the iibnla is tnori? rfduticd than in the iilna ; rarely in any Turainant ia more of it 
TTiflihle than iU distal end, 67, wcdg^ed in between the tibia and the ealcjaneum. lite 
series of tarsal honeSj 68 ^ k peeniiar in all nitninants for a CDaleaeence of the ts^o hones 
answering to tie ** seAphoid and cuboid" in the human tarana» In all ntmmaats thti 
ttstragahiJi h umisually ^ymmetriefll in tshapc, with a deep trochlear articular snrfacc 
for the tibia^ and two ef^ual convex smfaces for micceedmg tar&al hones; the ealcameam 
IB prodTiced into a long ** hock/' The rest of the bonea of the Mml-ffHit) eonfbrm dosfth^ 
with tho3e of the fore-foot. 

A few remarks, althoug;h mt ere sling L'hiefly t4> the pTtrfeased anatomist, appear Cftlled 
fbr in reference to the bony struct^iro of the h?!ad of the giraiflfe. 

The cxotTipitais form a marked protub<?r!mce alniTe the foramen Tna-nitim, and below 
a deep feasaj for the implantation of tho ligameTitum michiB— the length of th<* dofSal 
ipinca being- related, in all mminanta, to a due snrfLit-e for the attachment of this strong' 
elastic aupport of the head and neekn The panetals ar*f chiefly sitnaC^d mi the npper 
sorface of the skull ; the oaaeous horn-cores, which are origmally distinct, beeomL^ 
anehylosed in old ^rafiba, across the cnronal sTutorc, equally to the parietals anti 
fitmtala : if one of these be divided longitudinally, it will abow the c^sttusion of the 
fi-ontal and parietal sintiaes into its lower fburth* the rest of the hom-eore benig- a 
solid and dense bone. The protuhcranee upon the frontal and contija:uotis ports of flic 
no^al bones is entirely due to an enlargtjment of those honest and iwt to any distiiict 
cssso^yufi part : its sinfaee is rongh^ned by TasciUar impfcseions. The lacrymal is 
separated from the nasal by a larjje vaeuity iotenemng^ between fhofio hones, ^c 
frontal and the niajiillaiy. The premaxillaTieaj whicli are of nnnsiial length, STtictdate 
with tiie nasHk, Tbe petrotympimie is a separate bone, us in all ruminants. The 
symphyHis of the lower jaw is unuimally lon*^ and slender in the giraffe. 

In the fikeleton of the Camel [Gsttwltts bariHoTtuf) the vertebral formula is — sevtn 
et^mcal, tiv^elve dorsal, seycn lumbar, four sacral, eighteen caudal. Seven pairs of rihs 
artieiilate directly with the stcmimi, which consists of aix bones, the kat b*dng greaHy 
expanded and protnheriint below, where it i^npports the pectoral callosity in tlie livfiig 
ammal. The cervical re^on, though leas remarkable for its length than in tfic 
giraffe, is longer than in ordinary ruminants, and is remarkahle for its flcxnosity ; the 
vertehrm are peculiar for the absence of the perforation for the vertebral artery m tho 
"b^nsrverse process, with the exception of the atlas ; that artery, in the 9U<?c«^ino^ eer- 
vicala, enters the back part of the neural canal, and perfisrates obliquely the fore part 
of the base of the neurapophy sis. The costal part of the transverse process is largo and 
iKmeUiftmn in the fourth to the eixlh ccrvieal vcrtcbri^ inclusive : in the seventh it h 
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A diiJili |iK0tubera2ic«. Dui spmoitd pttico^ of ika first dor^ tudd^nlj isxc^fb in 
Imphihai uf the U*t cerviBal, imd InnreaseB in lemgtH to the third dt>r»aj; fnnu this 
t(> the twelfth dotnal the stimmits of the Bpinea &re on ^moet the same hDmonUl ImCf 
Bjid are ejtpimded and obtuse Eibove, sustaming the substantic ol the two iiumpa of this 
i^ecies \ they afford, iiqwever, no other indication of those riBitigs, which are aa iiide- 
pendoiit of the osseous system as is the dorsal fin in the ^ainpus or porpoise. The spinea 
of the lumbar Ycrtobmt! progressively decw?ase in Itngrth* The spine of the scapula is 
produced into a ahort-pointfid •acromion : the corAooid tubdiclc is krge^ taid grooved 
below. Ihp ridge iipoii the outer eendyle of the hiimcfua is much Iuba marked than in ' 
the ntmiiai rummftnta. The uhta haa cpale«ced more eompletely mth the T«diuK, and 
Iipp{]ar3 to be represented only by its projiiinal and distal extremities* Tho carpal 
'honCd itav4" the same muuber and ai"i"angeTiient as in ordinary raminantB, but the pisi- 
form c iii prf>poition4illy larger* l^KiEe ia uo ti-ace of tlie digits ansTS'enng to the firotj 
8i>tond, and fifth In the j>eatid*ctyie iodt : the metacnrpals of those answaring to the 
third and fourth have coalejeed to near tkeir distal extremitie*, which diyerge more 
than in iJie ordinary ruminanta| giving a greater spread to the foot, whieh is supported 
by the ordinary three phalanges <>f each of those dibits. Tlif? last phidanx dsAiMea 
most fifom the form of that in the^rdinary ruminants by its emoEer pfoportioattl die, 
rougher surfaee, and Icsg regular form ' it fiupporta, in faet, a modified claw rather than 
a hoof In the femur the diief deviatian from the ordinary ruminant t^^je is aeon in 
the position of the orilieo of the canal for the luedulkry lutc'r^'^ which^ a^ in the human 
fikcleton^ enters the baek part of the middle of the shaft, and inclines obliquely upwards^ 
The fibula is repreafnted by the irregularly-shaped ossicle mtcrlwfked between the outer 
side of the distal end of the tibia and the ealeaneum. The scaphoid is not eonfhient 
with ilie euboid as in the normal mminant : the rest of the hind-foot deviates in the 
same manner and degree from the ordinary ruminant typs, as docs the fare* foot. 

The camel trSbe iiaye no horns : some small deer of the musk-fimiily arc compen- 
sated for the want of horns bj"" very long and sharp upper canine teeth ; the rest of the 
Tuminants, eithef in the male sex or in lioth se^es, are endowed with the weapons of 
offence and defence, developed from and supported by the head, called *^honis" and "an- 
-tlers." The term ** horn" la teehnically restricted to the weapon whi eh is composed of 
a bony htLse, covered by a sheath of tiiie homy matter. Sunh horns are nrver shed; 
and ia, in order to dilmittish the weight of the hcjid, the hom-coro k made as hollow 
• as is couaistent with strength, the rmninants with such, horns are called hollow^- 
' homed: the ox, the sheepi and the antelope etc cxnmples* Antlpra constat of hone 
only. During the period of theii" growth they arc eorered by a Yascular, Bhort-hahrd 
Bkm like velvet ; but when their growth ia completed, tiiis akin diies tuid pcela off^ 
leaving the antler a solid, naked, and insensible weapon. Being deprived, however, 
of its vascular support it diesi, and, after a certain period of acrviee, is undermined by the 
abfloiljenfe and ca^t off. The proecj?;!? of growth and decadence of the antlers is repeated 
each year : and in the fallow-deer the antlers progrcSBively acquire greater ^Ixg and more 
branches to the aixtb year, when the animal ia in its prinie. Good evidence has been 
obtaiaed that the same law of growth, shedding, and annual renewal prevailed in the gigan- 
tic ftjssi! deer of Ireland, in whieh npT^'ards of eighty pounds rtf osseous matter must have 
heon developed from tbrj frontal hones every year in the AiU-gmwn aniniaL The rumi- 
nants of the deer and elk tribes are those which have antlerSj or arc *^ solid-homed/' 
The horns of the giraffe arc pcddiar ; they arc short and simple^ are nlwnya covered 
by a hairy integmnent, and are never abed. They relate in position to both ^e frontal 
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Ajid poxieUl bonea. In all Dth^t ruminanta, the homa arc df^Tclopcd £rtym the frnntols 
|£3:clusircly, altlioiigh tliey 8<»motiino3^ as in. tho ox^ pTojoct £x^tii the haak part of the 
cmmiun ; hut the frontala^ ia such caaea, extend to that part. The horn of the rhiao- 
ceroa Donsiata whollj of fihrous horny matter. 

Tiz* 31, 
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The c?en-tocd hoofed aninials that do not nirainate havo no hom@. The o^toology 
of ihie diyiaion ia here iiluBtriited in the hippopotamus (Fig. 31). The skeleton^ m its 
strength and massiveness, presents a greater contrast with that of the girafEb than the 
rhinoceToa*s fikelcton do€s with that of the horae j there are^ noTertheless, be inll be 
Bhoirn in the c^jncluding Bummarj^ morti essential points of TOBemblancc to the gtraff^^'s 
skeleton than to that of the rhinoceros. In points of minor importaiiec, y^e £jid tie 
hippopotamus resembling the rhinoeeros ; aa i?. ^. in the shortnesd and strength of its 
neck ; hut it has only fifteen dorsal, d, and four lumbar, If vertchra). Tho apinea of 
theae Yertehreo are shorter and less unequal than in tho ruminants ; and th^y have an 
almost nnifoim direction, as in all quadrupeds that do not mOYo by leaps or bounds. 
The tail is short, and, in the living animal, compressed, acting like a rudder. The bones 
of the limbs are short and thick. In the ficapuloi 51, the aeromion ia slightly produced, 
and the coraooid recurved. The great tuberosity of the humerus, 53, is divided into 
two subeqnal processes. The nlua and radius hare coalesced at their extromitiea, and 
ut the middle of their shaft, the interosseous spaee being indicated by a deep groove and 
two holes. In the earpal series of bones, the trapezium is present, but doea not BUp- 
port any digit ; the innermost, answering to the thumb or polleXj tbereforo, is the one 
which is absent; of the remaining four digits, the two middle ones, ans^^ering to the 
third and fourth, are moat developed. The femur has no third trochanter* The fibtiln 
is diatinct from the radiua, and extends h^m its proximal end to the caleaneum. The 
entocuncifona bone is prc&cnt in the tarsus, bnt there is no rudiment of the innannost 
toe or hallui ; tie proportions of the other four toes resemble those on the fore-foot 

The skull is remarkable for the prominence and high position of the orbits, which 
aUow the eye to be projected above the surface of the water, and a survey to be made 
by the suspicious animal without the exposure of any ether part of the head. The 
upper jaw is peculiar for the developmeat of the sockets of the great canine toethf and 
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the lo\rer jaw combmea "with tho likG chip^a^ter mi mLuatuI prddactioii and curvatofe 
of the angle. 

Witk regard to the osteology of the hog trihe^ omt llmita compel ua to restrict our- 
selves to the notice of the still more fihagulflr devolopnient of the floeketa of the upper 
caninea or tufik^ in the bfibyrousso, in which those teeth enrvxi upwards and pierce the 
akin of the fiwe, like horns, whence the name " homed hog*' aometimes imposed 
upon it. 

If the hoofed onimola with the digita in eren numherhe compared together, in regard 
to their oatjeolo^caL characters, they will he foimdf notwithstanding the difference of 
foim, proportion^ and ai^c presented hy the hippopotamns, wild hoar, vieugna, and ciiev- 
rotain, to agree in the following points^ which arc the more aignificative of natural 
affinity when contraated with the akdetons of the hoofed animals with digits in mieven 
numhor. Thus, in the even-toed or '* ajtiodoctyle" unguis taa, the dorso-lumhar verte- 
hrffi! are the same in number, as a general nile, in all the gpecieSi being nineteen. The 
rare exceptions appear to bo due to the development^ rarely to the auppresaion, of an 
accessory vertebra as an individual Tsriety, the number in such cases not exceeding 
twenty or falling below eighteen, and the Bupcmtnnerary vertebra being moet usually 
manifested in the domeaticated and highly-fed breeds of the common hog. The reeog* 
nition of this important character appears to have been impeded by the variable num- 
her of moveable ribs in different species of the artiodactylea, the dorsal jertebrffi, which 
theiw ribs charac:tc:ri2e, being fi^en in the hippopotamus and twelve in the camel ; and 
the value of this distinction has been exaggerated owing to the common conception of 
the riha as special bones, distinct from the vortt^broe, and their non-recognition as parts 
of a vertebra equivaloit to the neuiapophyscs and other autogenous elements. The 
discovery of the pleurapophyses under the condition of rudimcntal ribs attached to the 
ends of the lumbar diapophyaes, which afterwards beconiE auturaUy attached or anchy- 
losed, and the pleurapophysial nature of a part of the so-called perforated transvCTse 
proccsa of the cervical vertebra, show that the anthropotomical definition of a dorsal 
vertebra^ as one that siipports ribs, is inapplicable to the mammalia generally, and is 
essentially incorrect. It ia convenient, in comparative tables of vertebral formnlcs, to 
denote the number of those vertebra? of the trunk in which the pleurapophyacB remain 
free and moveable, constituting the " ribs" of anthropotomy ; but the ditferonce* some- 
times occurring in this rospeet, in individuals of the same species, have their unim- 
portance manifested when the trne nature of a rib is recognised* The vertebral formula! 
of the artiodactylc skeletons show that the diflereiice in the number of the so-called 
dorsal and lumbar vcrtcbitc docs not affect the number of the entire dorso-lumbar aeries ; 
thus the Indian wild boar has rf, 13, ?, 6, £= 19 ; i f.^ 13 dorsal, and 6 lumbar, maMng a 
total of 19 trank-Tertehros ] the domestic hog and the peccari have d^ 14, ^, 5, ^ 19 ; 
the hippopotamus has d, 15, I, 4, ^^ 19 ; the gnu and aurochs have rf, 14, /, ti, =: 19 ; 
the ox and moat of the true ruminants have (^ 13, / 6, ^ 19 ; the camel and lamas have 
rf 12, i 7, ^ 19. These facts illustrate the natural character and true affinities of the 
artiodactyle group. They arc further shown by the ahaenee of the third trochanter in 
the femur, and by the place of perforation of the medullary artery at the fore and upper 
part of the shaft, as in the h!ppopotami,is, the hog, and most of the ruminants. The 
foro part of the astragalus is divided into two ec[ual or aubeq^ual facets ; the os magnum 
dora not exceed, or is leas than^ the imciforrae in size, in tbo carpus ; and the eetocunei- 
forme is leas, or not larger^ than the cuboid, in the tarsus. The digit answering to the 
third in the pentadactyle foot is nnsjmmctrical, and forms, with that answering to the 
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ioml^t A ^rmmctd^pdf. If lh«>fipeci»be horoedf t^ hoiisA form one pau- or two 
poira ; ttey are never developed singly and sjimnetrically from the Dicdmn liiuii The 
posit-tymp&mc does not pn>jcct downward distinctly fmm Qm moiBtciid, nor supereedo 
it in tmy lartiodactj-lc ; and tlie piuoiiaipital always exi'ot^ l)otii in length. Tlua tony 
pslateexfeenda furt^or hack than in tlie p€;ri»wdactylei» ; the ]iindt>r aporturg of the 
nadttl puaagn m more ^crtioal^ and commences posterior to tho lust moler tooth. Tho 
bftiO flif the pterygoid protcss i& not ptrf orated by the ectocarotid artrry. Tht^ crowns 
oililb preriiolari are ^mailer and le» complex than those of the true mohurS} uiimUy 
rfi^FMfintuifi^ hidf of saoh. crown* Thb laat mUk-Mol^ ia trilobE^d. 

To th^e a^tcologicfll and dentul eha^^i^teis may be added aome important modifica* 

' tions of intemal Btrautnrev ns e.ff. the eompJcjt ibrm of th(3 i^tomath in the hippopo- 

' tVBvoBf 'p&QGB.Tij a.nd ruminants, the compamtiYely amall and t^imple eieovmi, and tlu? 

spinHy folded colmi* whieh equally indicate the mutual a^nitioa of tho t>Teti-toed or 

ai^odsatylo hoofed quadrupeds, and their daisis to he regarded aa a netmal group of 

( tho Ungtdata. Mony extinct genera, t. §. chaHtopotamuB, aidhracotlierium, hyopo- 

tamius, dlchodon, roorycopotamua, ^phodon, diehohunoy anoplotherium, have boen dis- 

coYiBmL, which onoe Unhed togetlicr the iiow brdken aexica of Artiodaetylai i^cpre^eOued 

by the existing g^nora hi|>popotanm3f sua, dicotyJe^ camiiua, moedius, camslopaidilio, 

cervnBj antelope, ovia, and boa^ 

A;^ we hnve now traced both the fore and hind foot to thi^ fi.vD*to«d or pentedaeiti^LB 
Btraoturei^ with the definite number of joints or phalan^s in each t^jo^ eharaoteiistio of 
the hjfthest olaes of vertebrate animnla, a. few remerka wiU be oflered in iMnfitratdan of 
the plan of structure M'hitib prevmla m siach extremities, and of the law that %xs^mm 
the departure frxjm the pentadaotyle type ia the mftmnmlia. 

The efifiential nature of the linibfl is be^ ilbiatratt^d by the &ih called pTotoptenu^., 
and by fiomo of the lower reptika that retain gilla with lunga* 

If te aegmcnt of the akdeton supporting thu rudiruimta of the fore>limha in the 

prot^ptorufi (Fig, 32)^ be compared with 
tho modiiication of thw typical Tt'rtebr% ex- 
empli^ed in Fig^ 5, p, 169, it will be satm to 
bu con.4tructed on tho same type. The haiinal 
airh is most expanded^ and it ia eoanpOfted 
of a x^l^urapophyaifl or rertebral rib, $L^ and 
a hixjmapophyfiiB or sternal rib, A, on oflch 
side ; the kajmal spine, or 5t&miim, ij* nat 
liLTD developed ; the louf?, many*jointed rajj 
i7, answers to the more eimple diverging 
appendage, di, in Fig, 5. 

Tlic fioi^nient supporting theao append* 
agea, or Era! rudimi^uts of tho fore-limb in 
the iiiJE, is thu occipital one, or the kst vertebra of the b]cull. Tho pleurapophysia of 
tbia at^^^ment is the seat of aU those modiAcations which have eam^ed for it the spociol 
name of ** scapula," t5 1 ■ tbe iMemapophyeds is the stat of those that have led to its bamg 
cailed '* coraeold," 52, 

The cpiTCspondiag segmimt of tJie hatrachiaa amphiuma (Fig. 33) yields tho next 
important modiJicallon of these parLn. The eeapulaj, ja/, *>!, are dL^taehcd ^m the 
oeeiput, or neimd arch \ the t oraeoids^ A, 52, are much i^xpanded ; three tegmenta of 
tlie diverging appcmkge, n, are ossifird^ and two of theao aogmimta arti bifid, fihowinic the 
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Ijogmmag.of th© ntdiatmg multiplkatiua of it^ p^^ta. The Brtt s^f^msnt is tho* saat 
q£ tfaoBo ModMcatiQiiQ^ wliicli -baTC o1)tamed ibr it ^le 
special mimi* of *^hutiii?m?i," 53; tliu two diTiaions of 
tiiQ tLGsd: a^gnieat of thu appGndagt; are call^jd " tjJjia^'* 
53, and ^^rwiiusj" 64; tbe remrunder of iha limb ia 
called *^ nLMina,'' or haiid; 56 is the ^istly carpun, 
and tiie two bon.j'dLvifiioiifl aia-tlie di^ts or iingtrs, 57, 
The segment aupporting iYlg hind-limbs; retina moft 
of ita typical character in ths anibt^esraiieaiK juptile called tluQ Proteus ; one se^ e, ^.^ in 
Fig. 34 1 that the c&atniuL h^ QoakmieAiit^^ 
th© Tjeiifflpophysoi, «, and neural spine, «*, 
forming tiie neund aixjh £rom wliich. the dia- 
pophyeea, df artj deyelopwl : the mote ex- 
panded ht;oinal arch con^istf! of the plcur- 
ap(7phye^ pi, and th*' ha>mapoplifBe8» A ; the 
formor is caUtnl the '* ilium, '^ 62, the latter 
tho "ischitmi,** 63 ; and, as the heemapophy- 
&a« of another ae^rment Eire usually added to Fnoarstsi, 

th* scapular arctL, when they reef-ive the name of "clavicles," ao ako tljehreni apo- 
physes of a contijf^auB ao^trnt are usually added to the pel vie uK3h, when thuy arw 
caUiKl *^ pubic bones,*' 

The pdvic diverging appendnger & «;, has advanced to the sAino atflge of e0nrpkxity in 

the protim% aa thi]i scapular one in the amphiunia ^ the firfit oasiiied segment ia called 

*" femur," 65; the diviBions of the next acgmeat &te respcctJTely termed '^tihk;' 66, 

and "fibula,*' 07 ; the iii-gt spt of abnrt bones in the *'peB/' or foot, are oidled " tai* 

sali,'' 68 I those of the two toes are called '* metatarsals^ and *' phalanges,'* G&* 

Tile taital honOfi^ fFQVH the degree of conatfincy of their forma and xelatiTe poaitioussr 
Ftir»35, Mir. 5S, have received dUtinet namas. Inl^if;. 35 ef the bouoe of the 

hind foot in the horse, a marks the ■■' astrapdua,^' cl^ the 
*'eakaiiffum/' or hetd-botie, the prominent part of whioh 
forms the "hoeii**^ * is the ** HoaphoidjQs," or navioulari*, ^, 
the *■ ouboidj" ce^ ** cctoeuncif<Krm," and cm, the 






cuneifonn,'* 



KoWf the o&toonneiiiorm in aU mammaHa eupporta the third or middle 
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of the fiye toes when they are all present, the mcsocuneifonn siipports the second toe, 
and the cuhoides the fourth and dfth. We see, therefore, in the hoi^e, that the yery 
hrg^ bona artipiibted to thd octocunciform, ce^ i& thti metatarsal of the third toe, to 
nrhidti are articulated the three phfilaTnges of the aame toe, iii, the* lAat phalanx being 
expanded to suataiu the hoof. The small bone called *^ splint-houe/* by TeterijisriftTiaj 
artioulatod to the ^^ mesocuneifonnf" k the atunted metatarsal of the teeiond toe, u; 
the outer ** splint-hone/* articulated to the ^^cuboidLS^" is the similarly stunted mcta- 
taraal of the fourth toe, u'. 

In the foot of the ox (Fig. 36), the cuhoides, ^, presents a marked increase of size, 
oqualling the oetQcuneiform^ ce^ which is proportionally diminished. The single bone, 
caUed " cannon-boneH,'* wMch articulates witli both these carpal hones, does not auswor 
to the single " cannMihone" in the horse, but to the metataiisak of both the third and the 
fourth digits ; it i^|Eordingly found to consist of those two distinct hones in the f^iel 
ruminaiit, and ther^ ar^ a few species hi which that distinction is retained* Marks of 
fhe primitive diviMon are always perceptible, egpocially at it^ lower end, where there 
are two distinct joints or condyles, for the phalanges of the tbijd, iiV, and fourth, iv, 
toes. In the horse the rudiments of the two stunted toes were their upper ends or 
metatarsal bones ] in the ox they consist of their lower ends or phalanges j these form 
the " spurious hoofs," and are parts of the second, it, and fifth, w, toes (Fig* 36), The 
rhinoceiros more closely resembles the horse in the hony structure of its hind foot (Fig* 37) ; 
the eetoconeifbrm is Btill the largcat of the three lowest tarsal hones, although the 
mesocuneifonUf mttj and tiie euhoidsj £, haye gained increased dimensions in aecordanee 
with the completely developed toes which they support ; these toes we therefore recog- 
nise as being answerable to the rudiments of the seoondf tV, and fourth, if, in the horse, 
the principal toe being stiU the third, ui. The hippopotamus (Fig. 38) ehicliy differs 
from the oat, as the rhinoceros dificrs fiom the horsc^ viz. ^ by manifesting the two toes 
folly developed, which were rudimental in the more simple foot j the cuboides, d, being 
proportionally extended to support the hith toe, v, as weU as the fourth, ii^ ; the second 
toe^ 11^ articulates, as usual, with a distinct tai^ hone. In the elephant (Fig. 39], 
where a fifth digit is added, answering to our first or great toe, Ij there is also a distinct 
carpal bone^ called the ^^ entoeuneiform,'^ ct, and the tarsus presents, as in other 
pcutadaetyle mammaJa, all the bones which are seen in the human tarsus^ tIk,, the 
agtragalus, a, the calcauemn, e, the scaphoidee, s, the entocimeiform, eij tiie meso- 
cuneiform, cjn, the cctocuneifona, <jc, and the cuboides, &. 

The course of the simplification of the pentadaetyle foot or hand is tir^ a dimi- 
nution and removal of the innermost digit, i ; next of the outermost, v; then of the 
second, it ; and lastly of the fourth, iv ; the third or middle toe, wY, being the most 
constant and important of iha five toes^ The same law or progress of simpMcation 
prevails in the forc^foot or hand. The thumb is the first to disappear^ then the little 
finger, and the middle finger is the moat constant, and forms the single-hoofed fore^ibol 
of the horse. 

The scapula, 51, in the fore-limb repeats or answcra to the ilium, 62, m the hind- 
limb ; the coracoid, 52, to the ischium, 63 ] the clavicle, 58, to the pubis, 64 ; the 
humerus, 53, to the femur, 65 ^ the radius, 55, to the tibia, 66 ; the ulna, 54, to the 
fibula, 67 ; the carpus, 56, repeats the tarsus, 68 ; and the metacarpus and phalanges of 
the fore-foot repeat the metatarsus and phalanges of the bind foot ] they are technically 
called *^ serial homologue^,'^ or '^homotypes,'* and each bone in the carpus can bo shown 
to have its homotypo in the tarsus. — See ** Archetype of tbe Vertebrate Skeleton," 
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SkeletOlL of the Sloth p — The transitioii from the qufldrEipedfl Trith }ioO'& to 
thoac with claws aeomg in the presimt aeries to bo abrupt ; but it was made gmdunl 
b7 a ^up of aniffial^ now eictinct, wHch eombined hoofs and claws in the &sme foot. 
Some of tile outer toesj at lea^rt, were stunted and buried in a tbicfe cflllosityj for the 
ordinary purpose of wclking, whilat the other toes were proyided with very long imd 
atrongt elaws for uprooting or tearing off the branchea of tr^^st. These sin^ar beasts 
were of great bnik, and appear to have been peculiar to America. As regtorcd by anato- 
mies! science, they have receiycd the names of Megntht^riuni^ Me^almiyx^ Myhdm^^ &g. 
They were huge terrestrial alotha ; the preaent remnanta of the family consiat of Tery 
few species enabled by their restricted btdk to elhnb the trees in quest of their leafy food, 
and pe?iuliarly orgamared for arboreal !ifc. The tocsj which were modified in their huge 
predecessors to tread the gro^mdi are reduced to mdimentsij or> are nndoveloped; and 
those only are retained which support the clawSj now rendered *1iy their len^ and 
curvature admirable inatmments for cliuj^ing to the brancheg. The whole stnieture of 
the hind and fore limbs k modified to give full eficct to these instruments as movers 
and suspenders of the body in the bosky retreats for which the «!oths are destined ; 
and, in the same degreej tho power of the limbs to support and earry the animal along 
the bare ground is abrogated. Accordingly^ when a sloth is placed on level groimd, it 
presents the aspect of the most helplees and crippled of creatures. It is leas able to 
raise its trunk above its limbs than the seal, and can only progress by ayailing itself 
of some inequality in the soil offijring a holdfast to its clawsj and enabling it to drag 
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itself along^ But to Judge of the oreativie dLapensations towards auch aJi ft^i mHl by 
oba€rvation of it, ©r reports of ite proeedjuref under the4@ unnatural eircumstajiD^ 
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would bo as reasonftble as a epeculaticm on the natural pow«TH of a tailor suddcmlf trana- 
» £^rFed ham. hk Hhop-board to the rigging of a ship undor iveigb, or of a thorough- 
lirod seamma inount«^d for ihi^ first tiinc on u, Ml*l)Iood horse at Asoot, Eouse the 
fprosb'ate ^oiJbif and let it hook on to tho lower lioiigh of a trjiej, aiid iJna comparatiYe 
agiHtymth whitih it mounts ttj the topmost branchea t^ ill surpriae the fipectator. In 
its native i3r/uth Amcrienn wooda its agility is still maic rcmarkublo^ wh&n tho trees are 
ilgitatod hj a storm. Ax. ibat time thtj ioi^tinct of the slotH teachos it that ihe migiatiou 
from tr^e to tree will be most fauilitnted* Swii>ging to and fm, back dowriwaxda, aa in 
ita habituid position^ at tJie end of a btan^Ji juut iitrong enough to support the aoiii^o], 
it takes advantage of the jirst branoh of iho adjoining tree that may b^ awayt>d hj ihe 
blast within its reaobj and Btretehing out its fore-limb^ it hooltii itself oti, ami at «nce 
txfinBferH itaolf to whiit is oquivaknt to a frejd) pasture. The story of tho telolh volun- 
tarily dropping to -the ground, oJid iirawliug undur proasiirci of starvittion to onotkcr 
treCf is one of the ikbuleus e:3&cT08c^ncc}s of a credulous and go^pping itoolDgy., 

In the sloth, accoiNiiugly (fig. 40) , the fore-liEfibs are much elon^tedj and that lees 
at the Gs^KJu^je of the hand than of the arm and foro-arm* Tbi? hunierus^ iS, ia of 
' unwonted leiigth-— is donder and straight; the radius, 55^ and idna. 54, arD4)f similar 
> proportions — tlio former straight, tlje latter so bent as to leava a widt^ interosseous ^paoe. ; 
Now, moreover, theae bouca^ m.itoad of being firmly unitiid as onc^ bune, sx^ so-^tieu- 
>lated with eaoh other aa to permit a reeiproeal rotatory movemoutj eliiefiy perfonruyij 
however, by the radiMS ; and ^inee to this hone thJ3 oarpal se^^ment of die band isnigiidy 
articulated, that prehensile member can be turned prone or supine, as In the htimanarm 
and hand. Six hones are presurvt^d in the carpus of tbrcc*toed doth [Brtt^/fpus tndactf/lu«)^ 
answerijig to thoae called "Inuare/' *^ctineif(jrme/* '^nneiforme," and "pi^forme/' al^o 
to the **5cnphoides and tmpcziimi*" united, and to the *' trapezoidca and magnum" united, i 
The sr4ipliO'trapezium h rharaoleristic of the -^loth-trih^, and is found in the PJCtinct as 
weO as existing b-peeics. Tlio articulation ©f tlie eai-pu^ i* ith tiie radius, and with the 
metaearpns^ ia sueh aa to turn the palm, of the lon^r hiunl finvjuls, and bring its outer 
cjdgo to the ground. The three fidly-developed uj iduput at their ba^c, 

wMeh is also anehyloscd to t}io rudiments uf J., i . : ..:>, ^^ lib metacarpus ; the 
proiimal phalanges of (he digits answering to iV, r»', and tVj ftre oc^uent with their 
metacarpals, and those digits appear therefoTo to have only two jointw. ''The lfi3t phalans 
is remarkably modifiod for the attAebmeut of the very long and stroTig tdgw. 

With regard to the blade-honfc pf the dathn, olj it ia unieh broader in prnrportion to 
its length ^h&n in the ?awift dovenlfooted Jicrb] vores ; tho ^racniff prpc^e^a is ^luusMally 
ahort ; tlie acromion ia of modcBfilftc ley^gih, and unexpinded at i' ■^"^'- mfty; the 
supraspinal fossa is the broadest^ Mid lifts a perforation instead 02 i ''i^iipra* 

spinal*' noteh. Thci*e is a short f^la;rirular hone atttcjit*d tfl^tbt' uLriJiiiion, but not 
attaining to die stcmiun. i 

The iliac bones, 62, tepcat the modiiicattons of th fir' !i:rrii ttypoft these npuhn, and are 
of tmusual breadth aa oompared with tboaot>f other ^itndru [si ; I -- ; they ©oon hcconie anchy- 
losed to the broa 1 ^, the isi-hiai 63, and pube-, (it, nre lonj' ari'dslnndi'r, and cir- 

,(jani!=«;rihe imusu ihyroid'' and "isclual'* for^iniBcai, the latter ^Jeing completed 

*jjry Jthe loalesccmt' oi uk- 1 1 1 LiLrositica of tbe iachia with the transverse propa^aes of the last 
two sacral vertebrae. The head of the femur, 65, has no imprefiaion of a ligamentum 
teres. Tbc pat^ll a, G 6" , is ossiti ed; thereijaa fabdlla behind the external eond yle . The tibia, 
!«6, and fibula, fl7, are bent in oppowtje directimia, intereeptmg a very Vide iuteroflaeons 
The amjIiyhjaiB ol their Iotx* extremifcie!!, whith 9ifta been frnind in older Rpetti- 
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moHy Job not taken plaee hoe. The iimer maUfi(diui , projects backwirds^MBd vq^koapts 
a grooved process. The outer malleolus projects downwards, and fits like a piiM)tiiito 
a sockeiin the astragahU) tamiag' the sole of- the ^^t iapiwrts^i^'ywitinir 4flre*<iifl t of 
the handr^best adapted for grasping bou^is. The oaloaneoiK^-^^ift rettarkaldy hmg and 
coo^reflBed. The scaphoid^ cuboid, and <nmeifii»:in bones haye-beoame cenflueitt^wikh 
eadb^^tiber and the metatanals, of which the 'Urst and fifth exist only in roAiraeat. 
Th« other three hayelikewiee ooeleeDed-wiih ihe» proximal phalanges of the toes- 'which 
<hey support -. these toes answer to the aeoond, third, and fourth, in the human <&ot 

The short and -small headof tiie sloth is supported on a long and fleuble ^nedk 
presenting the very umianal ehaxaoter in the Mammalian class -of '-nine yerteinney 0-4he 
superadded two, howeyer, appearing to have beed impressed from the dorsal series, D, by 
their short, pointed, and usually moveable ribs. The head and mouth can be turned . 
round every part of a branch in quest of the lea^ ibod«l^y this mechanism of the neck. 
As the trunk is ecKumonly snflpwUe^-^&om tiie Ihalufi^frttb^the back downwards, the 
muscles destoied for the stnowanettts of ih& bade omd support of the head are feebly '. 
developed, and the vertebral proaesaes fer their- attachment «re proportionally short. • 
T^ spiaea ''<^f the neck-iinirtabns uvc of -more equal length. tiMm in most mi^mmals— ; 
thai of the dentata being liX&»1i$^fgbr than the rest : the spinesi;gradually subside in the { 
posterior dorsals, and beoome obaolete in the lumbar vertebrse. ' The first paittof fully- ' 
developed ribs, marking the ? he^ginning of the true "AwBal** series of vertebrse, are 
anchylosed to the breast-bone, which consists of eight ossicles. In the two-toed sloth, 
however, which has twenty-three dorsal vertebrfie, there are as many as seventeen 
subcubical sternal bones in one long row, .with-theif. angles truncated for the terminal ; 
articulations of the sternal ribs, which are ossified. 

'The skaH of the- sloth is chiefly remarkable for the sine, shape, and connections ■ of 
the malar bone, which is freely suspended by its- anterior attachment to the maxiHary 
and frontal, and bifurcates behind ; one division extending downwards, outside the 
lower jaw, the 6ther ascending 'above' the fi^ee termination of the zygomatic process of 
the squamosal. The premaxillsry bone is single 'and edentulous, being represented only 
=by its palatal portion, completing the maxillary arch, but 'not sending any procettses 
upwards to the nasals. . 

The s&ull in the toothless aat-eAter diiefly'forms along, slender, slighfly-bent bony 
sheirth for its still' longer and moreslerider'tongtie, the main instrmnent for obtaining 
its insect' food. Th&mouth in the Hving^animal is a small orifice at the end of the 
tubidjajr muzzle, Just big enough to let the vermifbnir tongae glide easily in and 'ont. 
The fore-Umbs are remarkaWe 'for the great si«e and strength of the cla:w developed 
from" the middle digit : this is the' instnimeiit by which the ant-eater mainly effects 
' the l)rcach in the walls of the termite fortresses, Which it habitually besieges in order to 
prey upon their inhabitants and constnietors. As in the sloths, both fore and hind feet 
hafve ain incliniitlon inwards, whereby ^ei^arp ends 6f tlie long claws are prevented from 
being worn by that constant api^cation to" the ground which mtist have resulted from 
the ordinary position of the foot. The trunk-vertebrae of the ant-eater are chiefly remaik- 
able* for the number of accessory joints hy which they are articulated together. This 
complex structure is also met with in the srmadiQos, in which the anterior zygapo- 
phyisefe of the dorsal vertebrte serid procdsses^the metapophyaes (Fig. "2, p. 165), 
«, *i^npwards, -oat^ards, arid fiirwatds, wMdh processes, pw)gtessiyeiy inerearfng 
iti ihe hinder -Vertebrse, attain, in the lunibar region, a length equal to thAt of 
the spinous processes, ff9,and have the same relation to them, in the suppottofibe' 
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oaeeous carapaco, as Itie *^ tie-bearcra "" hare to the "kiug^podt" in the flFcMtectore of 
a roof. 

Sltel«t4iti of tii« Mole*— The mole m liardlj- lem fitted for the actions of 
on oivliimry land-i^uadruped than the sloth; but the oug is as admif^My con* 
stm^ted for snbtfirrancotis as the other for arhomal lif<?. The fore-limht are a^ 
remarkably ehort, broad, and niasgive in the iDole, as they are long and al&ndtT 
in the aloth ; yet the same osaeoufl dements, similat-ly disposed, occur in the 
ekdeton of each. The head of the mole la long £ind eone-shnped ', i\s broad 
baae jeios on the trunk without any outward appearoiice of a neck. The fore-^part 
of the trunk, to which the principal mtiscular maaaes working the fore-limbs are 
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attaehed, h the thickest, and thence the body tapers to the hind-quartera, which are 
supported by limbs as slender as they are short. .» 

The neck-bonoSj nevertheless, are not wanting -, they even eriat in the same number 
a» in the gtralfe; tlie vertebral fermiila of the mok being — 7 tervical^ 13 dorsal, 
fi lumbar, 5 Bucrd^ and 10 caudal. The spine of the second vertebra or deatata is large^ 
and extended back over the third vertebra : the neural arches of this and the succeeding 
neck-vertebrao form thin simple arches without spinca : the entire vertebrsB have been 
described as mere rin^s of bone i but the transverse pTOCcsaea of the fourth, itfLh, and 
sixth cervicals arc produced forwards and backwards, and overlap each other : in the 
aeventh vertebra those preeesses are reduced to tubercular diapophysea which ore nol 
perforated : the bodies of the vertcbrse are depressed and q^uadrate. The part answering 
to tho nuchal ligament in the giraffe is bony in the mole, u. 

The first sternal bone, or manubrium, ia of minsual Icng^th, being much produced 
forwards, and it* under surface downwards in the shape of a deep keel for extending 
the origin of the pectoral muscles. Seven pairs of ribs directly join the sternum, which 
consiBts of four bones, in addition to the manubrium and an o^ilied enaiform appen-^ 
dage. The nenral spines, which are almost obsolete in the first eight dorsals, rapidly 
gain length in the rest, and arc antrovertcd in the last two dorsal vertebra. The 
diapophyses, being developed in the poaterior dorsals, determine the nature of the longer 
homologous |jroeeBBes in the lumbar vertebrm. 

The lumbar spines arc low, but of considerable antero-posterior extent: the 
dlapophyses are bent forward in the last four vertebres : a smaU, detaebed, wedge* 
shaped hypapopbyBls is iixed into the lower interspace of the bodies of &e lumbar 
vertobriB, 
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The Bc&pula, 51, ii very long and narrow, l)ut ttifik, and alraoat three-sided : the 
common rib-shape is rceumod in tHis cranial pkuTapophyuia, aa wc have seen in the hird 
and tortoise. The dayide, an the olJicr hand, instead of the umml Inng and slender 
figure^ presents the form of a cube, being very short and broad, articulated firmly to 
the anteriorly projecting breaat*hone, and more loosely 'with the acromion and head of 
the humerua, 

XMa bone, S3, would be ckflsifled amongst the "flat" honjea. It ifl almost && broad 
as It is long, OiSpccially at its proximal end, wMch presents two articular suxfacea— cma 
for the scapula, tte other for the clavicle : the expanse of the bone beyond thoao surfaces 
r&latcB til the formation of an adequate extent of attachment for the deltoid, pectfiral^ end 
Other great buirowing muscles. All the other bonea of the fore-Umb arc aa extremely 
modified for foaaorial actions. Th© olecranon expands transversely at ita extremity, and 
the back part of the ulna is produced into a strong ridge of bone. 

The abaft of the radius h divided by a wide interoeaeoua space from the ulna, imd 
tbe head of the radius ia produced into a hook- shaped proccsa like a second " olecranon/' 
The tvarpol series conaiats of five bonea in oajch row— tho scaphoid being divided in 
the first, and a aesamoid being addi^d to the second row ; moreover, there is a large 
aupplementary sitkle-ahaped hone, extending from the radius to the metacarpal of the 
policy ^ving increased breadth and a convex margin to dn* radial side of the very 
powerful handj and chiefly complEting ita adaptation to the act of rapidly displacing 
the soiL The phalangea of the fingers are short and very strong : the last are bifid at 
their ends for a firmer attatibment of the strong claws. Little moro of the hand than 
these claws, and the digging or scraping edge, projects beyond tli« sheath of akin 
enreloping the other joints, and connecting the hand with the trunk. 

The common position of tbe arm-hone is with its distal end most raised* The foro- 
arm, with the elbow raided, is in the state between pronation and EUpination, the radial 
side of the hand being downwards, and the palm directed outwards. The whole limb, 
in its position and atmcture, is unequalled in the vertebrate series as a fossorial instru- 
ment, and only paralleled by the corresponding limb in the mole-cricket [GryUotsIpa) 
amongst the inse<:t- tribes. 

No impediment is offered by the hinder parts of the body or limbs when the thickest 
part of the animated wedge has worked its way through the soiL The pelvis 
ia remarkably narrow* The oasa innominata have coalesced with the sacrum, 
but not with each other, the pubic arcb remaining open* The bodies of the 
sacral vertebrie are blended together, and ai'c carinate below ; their neural spinei 
have eoaieaced to form a high ridgo. The acetabula look almost directly outwards. 
The head of the femur has no pit for a roimd ligament. A fabcUa is preserved 
behind the outer condyle. A hamulax process is sent off from the bead of the tibia and 
fibula ; the lower moieties of the shafts of these bones are blended together. The toes 
aro five in number on the hind-feet as in the fore, but are much more feebly developed* 
They serve to throw back the loose earth detached hy the spade-shaped hands* 

Skeleton of tie Bat.^The form of limb pfesentcd by the arm and hand of the 
bat offers the most striking contrast to tbc burrowing trowel of the mole, Viewred in 
the living animal it is a thin, widely-expanded sbcet of membrane, sustained like 
an umbrella by slender rays, and flapped by means of these up and down in the air, 
and with such force and rapidity, as, combined with its citensire swfaco, to reaot 
upon the rare element more powerfuUy than gravitation can attract the weight to 
which the fore-limbs arc attached j consequently the body ii raised alofif and 
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Itfflmc swiftly tliroiieli the air. 
Fig. 42, 




SE^i^ETON OF thk ^kT {VeApcrtiHif titurtnuMj 



The mimncal botbt riyala the Mrd in it a fatrulty of 
progTossivc MOtioti ; it flies, and the in- 
strumpntB of its aerial course are' calltd 
*^ wiiigB." The Trhole frame of tijo bat is 
in htmnony mtli tliia faetilty, but the ma- 
nialian tjT>e of skeleton is in nowise 
departed "from. 

The %*ertebral formtda of the oommon 
but (Vffipei'tilm tnttriniis) (F%. 42), is — 
7 ccTTicalj 12 dorsal, 7 Ititabar, 3 sncral, End 
3 caudal vertebrsB. The <^hitf eharaeteiis- 
ties of the sk&leton are— the grfidiial dimi- 
imtion of »ke of the spmal column from 
the cctviciil to the saeral regions: the ah- 
sfnce of nem-al epiues iji tho vtTtebrs& 
heyond tlie dentata ; a, keelpd Etcmum ; . 
long and strong, hent clavicles^ 63 j bfoad. 
s^ftpulfiCj 01 ; elongated hniiifri, 53 ; inore 
eh.ngated and blender radius^ 66 ] aud fidU 
loKi^r mnd raoro elender m«*tuearpala and 
pbftlan^H of the fonr fini^jera, i;, ni*, iv, t\ 
'W'^hieh are withmit oU-ht?, the thumb, i 
being fihurt and proyided wilb u claw:' 
tbu peMsj 62, U email, ph^nderj and open' 



at tie pubis, 63 ; the fibula, 07, is rudinietitiil like the nlna, 54, in tht fore^arm. 
The common hat hns & long and slender Etilifomv nppeiidage to %he heei, 6S, whkh 
belpsto fiUsttdnthe caudo-feniOTal monibrane. The hind digits iwe five in numherj 
ahart, suheqnal, eaeh pTX)\idefl ^th a ck^- ; tbcy arc the instrtmientji by wbieb tte 
hat BUKpends ifaelf, hciid downwardsj dmrn^r ^^ daily tuminCT sleep, and contiimtd 
winter torpor. 

Skeleton of tJie CamiTorous IBCainaaaJlia.— The lion niny be regarded aar 
the type of a qnndniped. Thn wcU-adjustcd ^propartimis of the bead, tbe trunk, the 
fore-limbs, and tail concur ^ Ith their d.Tucture to form an animal a-^ft in course, iigfle 
in leaps and boundK, terrible in the orerpowcring force of the blows isflicted by the 
fore-Lbnihg. The atronj^, j^barp, mueb-eurvEdj retractile talons terminating the broad i 
jjowerful feetj enable the earuivore to ^gi^q the prey it has o^'ertukcu, and to rend t^ie 
body it baa fltniclc down. The jaws haire a prciportioual strengthy imd are anned TPith 
&iigs fitted to pierce, laecmte, and kill. 

Tho camivQifoiis cbaractDr of the slcull, ttj exempHfied by the sanlttil and oiH^ltal 
cwatFj by the strength and expanse of the a^goniatic arehes, hy the hr^^adtli, depth, and 
shortness of the jaws, hy the heigbt df tbo eoronoid proceasesT und by the depth and 
CTt!*ut of the ioBmi of tbe kwcr jaw for the attaehment of the hiling muaclea, ifcache*' 
its maximum iu the liou. The triangular oFtipital n?grion is remarkable for the depth 
a:idboldneB9 of the sculpturing of its otiter SHrfnce, indicative of the powerful muaclee 
worMiig the whole skuU upon the neck and tniuk. The conjoined paroeripitftls and' 
maBtoidd form a brood and thick I'lipaular support for the batk part of tlie acotiatio 
buUfle. The pterygoid pnwesflCB arc imperJbrate. A well-marked groo^-^e eirtcnds on 
^Bdn flide of tibe bony palate fi^m the porterior to Ithe anterior pdatfite faramina* '^e 
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pwiBiKsillarips ara comparatively shorty unrl tme-half of the latiyral boxtler of tfe iimals 
diL'eictly articulates with the maxiUan^. The antorbital forsmiixii mv largely indicative 
of t^ie aixc nf the flonsitivo nerve ^supplying thp well-devdoppd whiskers. Within ike 
oraiMiim vp find that easifimition has? extendtKl into the membraiiG diyiding the ccnebiimi 
from tiie eercbFiUTiTa* This bony teiLtorram cxtcmd^ aboTB the petrosal to tbe ridgu ov*? r- 
hanging^ file Ga^serian Kissa ; thp petrosal i^ fihoi-t, its j^pox ia TieitJier notched nor per- 
fomtpd \ the eercbellar pit is very shallow. The Bdla tizroipa is deop^ trad wtill defined, 
hy b^!ih the anterior and posterior tlinoid?. llie rhineiiet'^phalicr fossa is relatively larger 
in the Hon thsn in rn^iflt f^arnivoraT ^nd is defined by a well'iitflrlccd angle of the btdiot 
ttthle<vf tlic^ skiiU fioin thn propone ephalle eojfipiirtment. The clikfitory ehamber extends 
hftckwardii Iwtb abnyo and below the rhineneuphaLic fossa ; the npper part of the fhamber 
is diyided into t^v'o piniifles on eaeh ridd. The snperior trirbinaJa extend into the anteiior 
fifinu^, arid bidjvr mto tbt' preephCTioldul simifi. All the bones of the pkelefcon are 
TCfflttrkahle for their whit^nesa antl compaet stmoture. 




:^jciLrttis OF THE oox (Ftliilefj]* 

I 

llio^irc^rtiglvil fomuda of €he Hon (Pig. 43) is— 7 oervicalt 13 dor^l, 7 Itimbtfi; 
3 iftcfalr and 23 cattdaL Tho la&t eervieal vertebra has tin? transverEfi pro- 
■tn^Bcs Impeffrtiiile, being^ fomiod only by dinp^phyaejd. The e^levonth dorsnl is tiiat 
towAtd which tho spines of the otlier tntiik-veitibrEB eonvergt?, and iikUL-ates the ctrntre 
^ moticm of tho trnnk in tJiis bonndini^ quadruped. Eight pairs of riba directly join 
tho EtBnmiii^ which couaists of eight bonos. The claTiclts are i-tdnced to clavitnlar 
^oneSf 68^ Buspended in the "Eo^h. Tho ^irpraKpinal fo&eu of the scapula Ls less deep 
tlizcn the infra^pinftl one^ and its border is almost uniformly coitvex ; the aeromion is 
■bifid, the rconrved pcrint helnj^ Utile larger than the ejctremity or antfrior tioint. Iha 
hnmerug, -53^ ia pcrftjratcd alxive the inner coiidylej hut not bct^seun the eiimdyles. 
Tlte ladtm, -55, wntl ulna, 54^ Mie so a^ticnlated as to pertnit a free rfttnttou of the foro- 
rfMr^ inio aoa|>hoid and Lunti- hosuea kps annate. Besides the^, the ^houeft of ^llte 
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carpus are the cuneiforme ; the pisifonue ; the trapezium, which gives an artioulatioxi to 
the ulnar side of the hase of the short metacarpus of the poUex ; the trapezoides; the 
magnum, which is the least of the carpal hones ; the unciforme, which supports, as usual, 
the metacarpals of the fourth and fifth digits ; and the pisiforme, which projects far 
hackwards, like a small calcaneum : there is also a supplementary oscide wedged in the 
interspace hetween the prominent end of the scapho-lunar hone and the proximal end 
of the metacarpal of the pollex. The poUex is retained on the fore-foot, and, like the 
other toes, is terminated by a large, compressed, retractile, ungual phalanx, forming a 
deep sheath, for the firm attachment of the large curved and sharp-pointed claws. 

The pelvis, 62, 63, 64, the femur, 65, the tibia, 66, and fibula, 67, offer no remark- 
able modifications of structure ; the patella, 66, is well ossified, and there is a feibella, 67, 
behind each condyle of the femur. The tarsal bones are the astragalus ; the scaphoides ; 
the calcaneum ; the cuboides, which, like the unciforme in the carpus, supports the two 
outer digits ; the cuneiforme externum, which, like the magnum, supports the middle 
digit; the cuneiforme medium, which, like the trapezoides, supports the second digit; and 
the cuneiforme internum, which supports the rudiment of the metatarsal of the first or 
innermost digit. 

The last or ungual phalanx, in both fore and hind feet, has a bony sheath at its base 
for the firmer implantation of the claw ; and its joint is at the back part of the proximal 
end of the phalanx, whereby it can be drawn upwards upon the second phalanx, when 
the claw becomes concealed in the fold of integument forming the interepace of the 
digits. 

This state of retraction is constantly maintained, except when overcome by an 
extending force, by means of elastic ligaments. The principal (me arises from the 
outer side and distal extremity of the second phalanx, and is inserted into the superior 
angle of the last phalanx; a second arises firom the outer side and proximal end of the 
second phalanx, and passes obliquely to be inserted at the inner side of the base of the 
last phalanx. A third, which arises from the inner side and proximal extremity of the 
second phalanx, is inserted at the same point as the preceding. The tendon of the 
fiexor profundus perforans is the antagonist of the elastic ligaments. By the action of 
that muscle the last phalanx is drawn forwards and downwards, and the claw Exposed. 
In order to produce the full effect of drawing out the daw, a corresponding action of 
the extensor muscle is necessary, to support and fix the second phalanx ; by its ultimate 
insertion in the terminal phalanx, it serves also to restrain and regulate the actions of 
the flexor muscle. As the phalanges of the hind-foot are retracted in a different direc- 
tion to those of the fore-foot, i. e. directly upon, and not by the side of the second 
phalanx, the elastic Ugaments are differently disposed, but perform the same main office. 

It seems scarcely necessary to allude to the final intention of these beautiful stmctures, 
which are, with some slight modifications, common to the genus Felts, The daws 
being thus retracted within folds of the integument, are preserved constantly shaip^ 
and ready for their destined functions, not being blunted and worn away in the ordinary 
progressive motions of the animal ; while at the same time the sole of the foot, being 
padded, such soft parts only are brought in contact with the ground as conduce to the 
noisdess tread of the stealthy feline tribe. This highly-developed imguioulate stmctnrey 
with the dental system and concomitant modifications of the skull, completes the pre- 
datory character of the typical Carnivora, 

Skeleton of the Kangaroo. -Australia possesses an indigenous race of iierbiTor- 
ous mammals created to enjoy existence on its grassy plains. But the dimate of this fifth 
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contixieiity as, from its extent, it has been termed, is subject to droughts of unusual duration ; 
and the parched up grass, ignited by the electric bolt or other cause, often raises a con- 
flagration of fearful extent, and leares a correspondingly -wide-spread blackened desert. 
To the antelope, and other ruminants of tropical or warmer latitudes, swiftness of limb 
has been given, which enables them to migrate to river valleys, where the vegetation is 



proserved from the influence of the dry 
seoiioiL Auatmlia, howeverjis pocidiar 
ftr its aeanty supply of peremiial Htrcama ; 
th^ tontjnta of the brief periods of rain 
are reduced to detached pook in the dry 
season, and these ore parched up in the 
long droughts, leaving himdroda of miles 
of the country devoid of eurfacc watCT. 
I^ thEiL, the parent herbivoxe could tra- 
verse the required distimce to quench ita 
thmst^ or Batifify ita hunger^ the tender 
young would be unable to follow the 
dam* A modifieation of the procreative 
process has acooxdingly been superm- 
duced, which oharacteri^es the Austra. 
lian maimnBlsi the young aro prema- 
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tuiely brought forth of embryonic size and helplessness, and are transferred to a 
pouch ef inverted skin, concealing the udder ; and in this marsupium, as in a 
well-stored vehicle, they are easily transferred by the parent to any distance to which 
the climatal conditions may compel her to migrate. The economy of this portable 
nursery, the requisite manipulation of the suckling young therein suspended from the 
teat, cbmand a certain prehensile power of the fore-limbs, a freedom of the digits, with 
some opposable faculty in them, and the possession of so much sense of touch as would 
be impossible were the digit to be incased in a hoof; the homy matter is accordingly 
developed only on the upper surfSsu^ of the finger-end, and is in the form of a daw. 
But the unguiculate pentadactyle extremity— though a higher grade of structure in the 
progress of limbs— is not suited for the exigencies of the herbivore, and would have 
appeared utterly incompatible with an existence dependent on grazing in wild pastures, 
had we argued from knowledge restricted to the forms and structures of the hoofed her- 
bivores of the Europeso-Asiatic, African, and American continents. How, then, it may 
be asked, is this difficulty overcome in the case of a grazing animal, necessarily a 
marsupial, and consequently an unguiculate one ? The answer need only be a reference 
to fig. 44 : the requisite fiEu^ulty of migration of the parent with the tender o£&pring is 
gained by transferring the locomotive power to the hinder pair of limbs extraordinarily 
developed, and aidedby a correspondingly powerful tail ; the fore-limbs being restricted in 
their development to the size requisite for the marsupial offices and other accessory uses. 
This is the condition or explanation of the seemingly anomalous form and propor- 
tions of the kangaroo,— so strange, indeed, that the experienced naturalists, Banks and 
Solander, may well be excused for surmising they had seen a huge bird when they 
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£rst caisght a ^limpae of tho kangaroo iii tho gtrEmgi^ laad ^hicK the j, iritL Cook, 

XLq tupid <;ouree of tbe kangaroo i& by a. fiucf^ession of leaps, in wMi:li.tw4XB](^ to 
thirtj yards bth ck^axcd at a bound. ; tbo hcrbirorc, Lii^te^ad of a swift courser oa four 
pretty equity deydop&d boofcd cxtxemitici^ hj in Auatralis, a kapmg aiuiiml; and 
the sol tatorial modi^&tion of tho nmnmialiaa akdotoiL is hor& ^tuavm. m tbat of one of 
t^o e^riftci^t ond moat agik' of thei numoroua spcoi^ft of knngaroo, tbjz Maeropm ehgan^* 

la ihia kangaroo^ 13 vortcbrtc are dorsal, 6 arc lumbar, 2 aro sacral, and 23 aio 
catZidalf the first fourteen of M'bich: have? bi£:ma[iopby0e5. These el^mesntfi couljiftoe at 
their distal endiij and form sisail h^mal arebcij ; th^y overspan and protect from pres- 
aure the ^at blood- veasiiLi of the tailj the powerful nmaculai- fasciculi of whiik djiiiv-c 
moreaaed surface of attaclinient from those haemal arches. The pel vis^ i^ long.) tb^afairoiig 
priEinatie iHa, 62, and the istlua, 63, carry out the groat flosora and eztenAOTS of the 
thigh to a dii^huice> from their point of iiifi^^rtion— thti fcnnir^ ^ biclx makes those mujsdca 
operate upon that lever at a most ad7aiittagC:ou*j anglo ■ the trunk, homo along ia the 
violent leaps, nofids to be unusually firmly bound to the pel vie bask of tlio t.hicf moving 
powers. Accordingly^ wo find a pair of bones, 61\ extending forwards fnim tho puhie 
Bymphyeifi, 64, along the v^so^tral walls^ giving incroaacd bony ori^n to the unnsually 
developed median abdominal muscl&a attaching the thorax to the pelvis ; and theao 
'^ marsupial bones^" o.^ they arc called, have accoBsary fuiidtioziB relating tg reproduc- 
tion in both s^i'xca of the marsupial quadrnpcds. The fcnuir, 65, ia more than twioetke ' 
length of the humerus r it is proportioually strong, with well-^GVclopeid great and small 
'* trouhanters," and a "fabeHa** behind one or both condyles* The pat^Ua i& uno&fiificd. 
The fibula; 67, is immoveahly united to the lower half of the tibia, Tliia bone, 66^ is of 
unnsual length and strmgthj and is firmly interlocked below with the trochlear astra- 
galus, Tht^ hoel^bone eend^ backwardi$ a lung Icver-likE proct^ss for the favourable 
iiMcrtion of the extensors of the fixit. This member is of very imu^snal leii^th* The 
iunermost toe, or hallu-T, is abisent ; the second and third toes are extremely alundftr, 
inclosed as far as the ungual phalanx in a common fold of integumont, and rsduc-ed to 
the function, of clei^using the far* The offices of support and progression are pcrfurmad 
by the two outer toes, it? end r, and principally by tht^ fourth, which is enrnmowly 
developed, and terminated by a long, strong, three-sided, hay onetpshaped daw; these two 
toot are supported, as usual, by the oa cuhoides, which is correspomUngly large, whiL't 
the navieulare and the c^meiform bones are proportiDnaJly reduced in size, Tho bones 
of the fore-limb, tliough comparatively diminutiYO, pi-esent aD the coinple:dties of 
stmcturc of tho unguieulate Uinb. The davlcle, 58, connects tho acromion wit^ the 
atemnm, and al^brda a fulcrum to tho shoulder-joint* The hurooruSj artioulating behjw 
with a radius and idna whieh can rotato on each otJii&r, dovelopes ridges above both 
inner and outer condyles for the extended origin of the musolt:^ of pronation and Rupina- 
tion. Tho brachitti artery pierces tie entocondj loid ridge* The carpal bones, answorinji^ 
to the seaphoid and lunar in the human wrifit, are here confluent. The dlgiU arp fivc> in 
number, enjoy free, independent movements^ and aza each tenninatod by a sharpHsnrved 
claw, 

8]ul«toii of tlie <|iia.dziiiiuauu— Tho aiotkis an- cxdtmvely arboreal animol \ its 
, diet is foliage ; it has but to bring it3 mouth to the leafj food, lind tho lips and t<mgue 
serve to strip it from the hranchc*. llie extremities, as we have seen, seirv© mmnly to disib 
and cling to branches, and occasionally to hool: down a tempting twig within reaoh cif the 
mouth. There is, however, another much ni obq eirtsensive and diverbiiied order of arbin^al 
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[ TiBpnwriadaglinfld tftrsidwgt 'on. .tty»{froifa.<mAoiheg moro hij^^.derelopedrproduots of 
[ th» T8g0ta])iA.->]dBgidonL liLasiiiunC^eaTes.^ In ibe' mDnke^ babocms, . and i^pqa tke 
i extrttnitlMrare -eiidawed' with. prehiRiiBUi»}|fecTiiiie» « of- a more pecfect and vaxied oha** 
I rtoter 'ihaa^ift tiio sloliis ; and tb» additiooal posirer ifffgaiafld by a fii2l dsrclopmeat !of 
i th0 d%ila ill Darmal nconber, witib.&ee aBdind^* 
^pendent mnvements, which.' m- one of them- — the 
\ firat or innerujjo^— are'eudi a.^ that it ctui be opposed 
fto the r^t, so that" objects of vaiioua ekd can be 
: grasf)^. Thia "modification ooiworta a foot into a 
ilumd; and, as the manuuab in q^uestioa have ttio 

opposabk " diumb*' on both fore aud MM limba, 

they are eallj^d " qnadiumaaa,'' or foux-lnmded. 

7h& ffeit of tho linjb manifflsta a c orreEpoiuiiEig conL- 

p]fl3dty or perfect itm of stmcture ; the trunk la 
i adjusted to oeeord with the 
actions of iuch inatrunuintii, and 
tthffl !»am i& developed. ,in pio- 




8KSLET0NS OF OTiAHQ {PUkiCUS 9atyrm) AXD MAN. 

portion with the power of executing so great a variety of actions and moyements as 
the four-handed structure gives capacity for. 
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In the fdci^ of the quajdrumana are seen indkatioDS of a conoomiUut perfection of 
ihe miter senses : tho oxliita axe entirC} and directed fan^ards, with their outlets almost 
on tho same plane ; both eyes can tlins Ibo hronglit to tioaj- upon the same ohject^ The 
rest of the face, formed by the jaws, now begins to bear a smaller proportion to lie 
progrcasivoly expanding cnmium* The neck, of moderate length, has its seven Toiie- 
brsB well developed, with the costal proccasca largo in tho fifth and sixth : the dorgjal 
vcrtebise^ twelve, in the species figured (PtlA^ww M^yrto), show by the convergence 
of their spines towards the vertical one on tbe nindi, that this is the centre of move- 
ment of the Irunk. The lumbar vertehrtic are four in number : in tho inferior monkeys 
they aro seven, and the anterior ones aro tirmly interlocked hj well- developed anapo- 
phyaes and metapophyses* The sacrum is still long and narrow. The t^l, in some of 
the lower quadrumana, is of great length, includitig 30 vertebrge in the red monkey 
{Cereopiih^dis rtder)^ in which tho anterior onea are complicated by having heemal 
arches. The claviclea are entire in all quadrumai^. The humerus has its tuheroai- 
ties and condyloid crests well developed. The radius rotates freely on tho ulna. 
The wrist has nine boujea, owing to a division of the scaphoid, besides supplemen- 
tary sesamoids adding to the force of some of the muscles of the hand ; the thumb 
is proportionally shorter in the fure than in the hind foot. The patella is osai&cd, 
and in most haboons and monkeys there is a. fabella behind each condyle of the 
femur. The fibula is entire, and articulated with the tibia at both ends. The tarsus 
haa the same number and relative position of the bones as in man ; but the hcol- 
bone is shorter, and the whole foot rather more obliquely artioulated upon the leg, 
the power of grasping being more cared for than that of supporting the body ; the 
iimormost toe forms a large and powraful opposable thumb. 

There is a well-ii^rked gradation in the C[uadrumanoas series from the ordinary 
quadrupedal to the more bipedal type* In the lemurs and South American monkeys 
the anterior thumb is shorter and much less opposable than the hinder one ; in the 
spider*mon]ieys it is wanting, and a compensation seems to be given hj the remarkable 
prehensile faculty of liie curved and callous extremity of the long tafl. This member 
in the African and Astatic monkeys is not prehensilei but the thumb of the forehand 
is opposable. In the tmo apos the tail is wanting, t. e, it is reduced to the rudiment 
called *' OB coccygis \'* but the fore-arms are unusually developed in certain species, 
hence called " lung-aimed apes/' These can swing themselves rapidly from bough to 
boughj traversing wide spaces in the aerial leap. The orang (Fig, 45) is ako remark- 
able for the disproportionate length of the arms, but this diSerenc^ from man becomes 
leas Id the ohimpanEees, The large species called Gorilla, which of all brutes makes the 
nearest approach to man, is still strictly ^* ([uadrumanous ;" the great toe, or " halluit,** 
being a grasping and opposable digit. But the hiatus that divides this highest of 
the ape trit>e from the lowest of the human species is more striMngly and decisively 
manifested in the skidl (Fig. 50). The common teeth in the male gorilla are deve- 
loped, as in the male orang, to proportions emulating the tusks of the tiger ; they arc, 
however, weapons of combat and defence in these great apes, which are strictly fru- 
givorous, Nevertheless^ the muscles that have to work jaws su armed require modifica^ 
tions of the cranium sddn to those that characterise the Hon, vi^*, great interparietal^ 7, 
and occipital, 3, crista? and massive zygomatic arches. The spines of the cervic^ 
vertebroe are greatly elongated in relation to the support of such a skulls the facial part 
of which extends so far in advance of the joint between the head and mttk^ The chim- 
panzees, moreoveri differ from man in having thirteen pairs of thoracic mnveable ribs. 
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The long and flat iliac bones, 62. the short femora, 6o, so articulated with the leg- 
bones, 66, as to retain habitually a bent position of the knee, the short calcaaea, r, 
and the inward inclination of the sole of the foot, all indicate, in the highest as in the 
lowest quadrumana, an inaptitude for the erect position, and a compensatinig gain of 
climbing power favourable for a life to be spent in trees. 

In the osteological structure of man (Fig. 46), the vertebrate archetype is fUrthest 
departed from by reason of the extreme modifications required to adjust it to the pecu- 
liar posture, locomotion, and endless variety of actions characteristic of the human race. 

As there is nothing, short of flight, done by the moving powers of other aTtlmala 
that serpents cannot do by the vertebral column alone, so there is no analogous action 
or mode of motion that man cannot perform, and mostly better, by his wonderfully 
developed limbs. The reports of the achievements of our athletes, prize wrestlers, 
prize pedestrians, funambulists, and the records of the shark-pursuing and shark- 
slaying amphibious Polynesians, of tlie equestrian people of the Pampas, of the Alpine 
chasers of the chamois, and of the scansorial bark-strippers of Aquitaine, concur in 
testifying to the intensity of those varied powers, when educed by habit and by 
skilled practice. The perfection of almost all modifications of active and motive struc- 
tures seems to be attained in the human frame, but it is a perfection due to especial 
adaptation of the vertebrate type, with a proportional departure from its fundaniental 
pattern. Let us see how this is exemplified in the skeleton of man (Fig. 46), viei^dng 
it from the foundation upwards. 

In the typical mammalian foot the digits decrease from the middle to the two 
extremes of the series of five toes ; and in the modifications of this type, as we have 
traced lliem through the several gradations (p. 243, Figs. 35-39), the innermost, », is 
the first to disappear. In man it is the seat of excessive development, and receives 
the name of " hallux,'* or "great toe;" it retains however, its characteristic inferior 
number of phalanges. The tendons of a powerful muscle, which in the orang and 
chimpanzee are inserted into the three middle toes, are blended in man into one, and 
this is inserted into the hallux, upon which the force of the muscle now called " flexor 
longus pollicis" is exclusively concentrated. 

The arrangement of other muscles, in subordination to the peculiar development of 
this toe, make it the chief fulcrum when the weight of the body is raised by the 
power acting upon the heel, the whole foot of man exemplifying the lever of the second- 
kind. The strength and backward production of the heel-bone, c, relate to the augmen- 
tation of the power. The tarsal and metatarsal bones are coadjusted, so as to form arches 
both lengthwise and across, and receive the superincumbent weight from the tibia on 
the summit of a bony vault, which has the advantage of a certain elasticity combined 
with adequate strength. In proportion to the trunk, the pelvic limbs are longer than 
in any other animal ; they even exceed those of the kangaroo, and are peculiar for the 
superior length of the femur, 65, and for the capacity of this bone to be brought, when 
the leg is extended, into the same line with the tibia, 66 ; the fibula, 67, is a distinct bone. 
The inner condyle of the femur is longer than the outer one, so that the shaft inclines a 
little outwards to its upper end, and joins a neck longer than in other animals, and* set 
on at a very open angle. The weight of the body, received by the round heads of the 
thigh-bones, is thus transferred to a broader base, and its support in the upright posture 
facUitated. The pelvis is modified so as to receive and sustain better the abdominal 
viscera, and to give increased attachment to the muscles, especially the "glutei," which, 
comparatively small in other mammals, are in man vastly developed to balance the trunk 

ORGANIC NATURE. -No. IX. ^ 



2d8 



irODTFICATIOSS OF THfe HUMAN SKELETON. 



Upon the legSj and rcwiprocally to moTt^ thoac iipim tho trunk. The great breadth and 
anterior concavity of the ilium, 62, art? cHaJacteriRtie modifications of tiiis btinc in man. 
Tlie pulyis ia more capacion*, the tuberosity of the ischiimi h kss prominent, and tlie 
uymphyeis pubis shorter^ th^n in apes. The tail i& reduced to three or fouu* stunted ver* 
tcbrBD, anchyloscd to form the hone eaUed ^* 0® cixi^cyf^isK*' The five vertebraa whicb. 
coaleace to form the saemm aje of imufiual hrt^adtk, and the free or **tnie" Yertebra?, 
that rest on tbo haeo of tbc aacr&I wedge, gradually decrease in size tn the upper part 
of tbe chest ; all the free reitebrs&i divided into live lumbal > tTi^'elve doi'sal, and aeven 
cervical, arc so articulated as to doacribe tkreo slight and giiaceiiil t 'iTrves, the bcrnd being 
forT*'"ard in the loina, backward iti tbe (nheat, and forward again in tbe neelc. A aoft 
elastic cussbion, of *^ intervcrtobrid " substane4.\ rest* between the bodies of the veitebra?. 
The distributien and libration of the tmnkj with tbe Kupcradded weight of the hf?ad and 
aiinsj are faToiired by these gcntlo cuitcs^ and the shock in leaping is broken and dif* 
ftised by the numerous elastic intervertebral joints. The expanBion of the craninm 
behind, and tbe shortening of tJbe face m fi ont, give a globe-like form to tbe sknll, 
wHeb is poised hy a pair of condyles, advanced to near the middle of its base upon 
the cups of the atlas ; go that tbert^ is but a slight t'nndcncy to incline forwards whrn 
the balancing action of the muscles ceases, as when tho liead nods during sleep in an 
nprigbt pj>sturc. 

The framework of the npper extremity shews a31 the perfet*ions that have been 
superinduced upon it in the mammalian aeries, viz., a complete cla%'icle, 58* antibrachial 
bones, 54, 5-5, with rotatory movements as wtjU as tboae of flosion and extension, and 
the five digits, o7, free and endowed with great extent and variety of movements : 
of these, the innermost, wliieb is the first to Rhiink and disappear in the lower mam- 
maHaf is In man the strongest, and is modified to form an opposable thumb more powerfid 
and effective than in any of the quadrumana. The scapi^lcj t11, presents an expanded 
surface ef atf^chment fcfr the museles which work the arm in its free sotkct. tbe 
humcrusj 53, exceeds in length the bones of tbe fore-arm ^ The carpal bone?t, S6j 
are eight in number, called eeaphoide.^, Innaro, cimcif'mne, piBiforaic, trapcjiium, 
trapezoidcs, magnum, and unci for tiie ; of these the scaphoid and unciform e aixj com- 
poTind hones ; i.e. they coMist eat-h of two of the hones of the typc-coj-pufi, f onnatc. 

In the hnman flkull, viewed in relation to the archetype, as exemplified in the fish 
and the eroeodilc, tbe following extreme tnodifications have been ostablishcd. In tbe 
oeeipital segment the hiimal arch is detajcbcd and displaeed, as in all TPrtehrates abm-e 
fish ; its pleurapophysls (scapula, r51) has exchanged tbe long and blender for tbe broad 
and flat fbiTu; tbe h^mapophysis (coracoid, 52) is rudimeutal, aud coalesces with ^1. 
The neurapophyses (exot^ipitals^ 2) coalesce ^dth the neiiral spine (stipcroeeipital), and 
next with the centrum (basioccipital) . This afterwards eoalesees with flie centrum (hasi- 
sphenoid) of the parietal segmentH With this centrum also the neurapophyses, called 
** alisphcmoids,'* and the centrum of the frontal vci-tebra, called ^* presphenoid/^ become 
anehyloaod. , The neural spine (parietal) retains its primitive distinetnefls, bnt h 
enoTroously expanded, and is bifid, in relation to the vast expansion of the bram in 
man. The paTapfiphysis (mastoid) becomes confluent with the tyrnpanie^ petrosal, and 
squamosal, and n ith the plcurapophysis, called *' stjlobyal/' of the hipmal (byoidian) 
ttreh. Tbe ha?mapophyaiB is ligamentous, save at its junction with ihe lieeiRol spine 
when it forms the ossicle called ** lesser eomu of the hyoid hone,'* the spine itself boing 
the baaihyal or Ixidy of the hyoid bone. The whole of this inverted areb Is mneb 
reduced in size^ itji functioiis being limited to those of the tongue and larynXj iu TPgard 
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to taste, speech, and deglutition. The neurapophyses (oiibitospeiioids) becoming con- 
fluent -with the centrum (presidienoid) of the frontal vertebra, and the latter coalescing 
with that of the parietal vertebra, the oompound bone called " sphenoid" in anthro- 
potomy results, whioh combines ihe centrums and neurapophyses of two cranial 
vertebrae, together with a diverging appendage (pterygoid) of the maxillary arch. 

The knowledge of the essential nature of such a compound bone gives a due to the 
phenomena of its development from so many separate points, which final causes could 
never have satisfactorily afforded. As the centrum, 5, becomes confluent with 
No. 1, a still more complex whole results, whidi has accordingly been described 
as a single bone, under the name of " os spheno-occipital" in some antibirqpoto- 
mies. Such a bone has not fewer than twelve distinct centres of ossification, 
corresponding with as many distinct bones in the cold-blooded animals that depart 
less from the vertebrate archetype. The spine of the frontal vertebra (fSwrntal 
bone) is much expanded and bifld, like the parietal bone ; but the two halves more 
frequently coalesce into a single bone, with which the parapophysis (postfrontal) 
is connate. The pleurapophysis of the hsBmal arch (tympanic bone) is reduced to 
its function in relation to the organ of hearing, and becomes anchylosed to the petrosal, 
the squamosal, and the mastoid. The hsemapophysis is modified to form the den- 
tigerous lower jaw, but articulates, as in other mammals, with a diverging appendage 
(squamosal) of the antecedent haemal arch, now interposed between it and its proper 
pleurapophysis; the two hcemapophyses, moreover, become confluent at tiieir distal 
ends, forming the symphysis mandibulae. 

The centrum of the first or nasal vertebra, like that of the last vertebra in birds, is 
shaped like a ploughshare, and is called " vomer :" the neurapophyses have been sub- 
ject to similar compression, and are reduced to a pair of vertical plates, which coalesce 
together, and with parts of the olfactory capsules (upper and middle turbinals), forming 
the compound bone called " aethmoid ;" of which the neurapophyses (prefrontals) form 
the " lamina perpendicularis" in human anatomy. The prefrontals assume this conflu- 
ence and concecded position even in some flshes — ^hias, e.g. — and repeat the character 
in all mammalia and in most birds ; but they become partially e^^osed in the ostrich 
and the batrachia. The spine of the nasal vertebra (nasal bones) is usually bifid, lilee 
those of the two suoceeding segments ; but it is much less expanded. The haemal, called 
" maxillary" arch, is formed by the pleurapophyses (palatines) and by the hssmapophyscs 
(maxillaries), with which the halves of the bifid haemal spine (premaxillaiies) are psortly 
connate, and become completely eonfluent. Each moiety, or premaxillary, is reduced 
to tks size required for the lodgment of two vertical incisors : as the canines in man 
do not exceed the adjoining teeth in length, and the premolars are reduced to two in 
nimiber, the alveolar extent of the maxillary is short, and the whole upper jaw is very 
slightly prominent. 

Of tibie diverging appendages of the maxillary arch, the more constant one, called 
^^ pterygoid,'' articulates with the palatine, but coalesces with the sphenoid ; tiie second 
pair, fDrmed by the malar, 26, and squamosal, 27, has been subject to a greater degree 
of modification ; it still performs the function assigned to it in lizards and birds, where 
it has its typical ray-like figure, of connecting the maxillary with the tympanic ; but 
the second division of the appendage (squamosal) which began to expand in the lower 
mammalia, and to strengthen, without actually forming part, of the walls of the brain- 
case, now attains its maximum of development, and forms an integral constituent of the 
cranial parietes, filling up a large cavity between the neural arches of the occipital aiuL 
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pttTii^tiil se^eats. It coaloacGS, morcoTcr, ^nth. the tympanic, TOastoid, aad pGtwwal, 
and forma, -with the siibaequeiitly andiylo-^ed st^^loliyalf a compound bone called 
" tcmporaJ" in hTiman anatomy. Tbo key to the eoniplex bcgiTming of this '* cranial '* 
boTit? 13 again given by iho dlseovciy of the general pattern on which the filoilb 
of the vertebrate auimala have been constructed. In relation to that pattern^ or 
to thcj arehetypa vertebrate skeleton, the human temporal hoTie ineludc^ two 
pleurapophyaes, 38 and 28, a parapophyds, S, pai-t of a diverg^ing appendage, 27 j 
uud a genfie-eapi^nlo, 16. 

The dcparhire from the arcbotype, wMcb wc obsene in the iiuman Bknllf is most 
conapicnoiia in tke ne^iral spines of the three chief segments, which, archotypally, may 
bu regarded aa deformitiea by exccai of gro^h tu fulfil a p articular use^ dependent cm 
the maximization of the brain j the de^'iation is again marked by arrest of growth, or 
Buppreasion of pfirt% oa e.ff. in certain pampophyses^ and in the ha?mal arcii of the 
parietal seg^ment j it ia most frequently exemplified in the eQalEscence of parts priniariiy 
and archetypally distinct ; and it h finally manifested l^y the dialocotion of a pai-t--^ 
vi^., the hsemal arch of tho oeeipitol segment— the diverging niys of wbieh have become 
the seat of that marvellous devi^Toproent which has reaoltcd in the formation of tho 
OSSLKIU9 basia of tho human hand and arm. With the above explanation the structure 
of thEj hnman skull can be intelligibly eomprehended, and not merely t^mpirleally 
nncicrstoodj aa through the absolute desciiptions penned in refei*encc to material and 
utilitarian requirements, and without refercnco to the great scale of vertebrate stnic- 
tiij'os, of which man is the summit* 

The fruit of a series of comparisons, extended over all the vertebrate kingdom, beings 
the recognition of the archetype governing the structure of the vertebrate steleton, the 
expression of sueh knowledge has necE^ssitat^d the use of general teims, such ns 
"vertebra," for the segments of the skeleton, ^* neurapophyscs,** for a constant element 
of such segment, and the Uke " general names " for other elements. ^\Tien any of 
these olpmentB are modified for special funetions^ then also a special name for it become* 
a convenience, as when a "pleurapophyais** becomes a jaw or blade -bone, &:e., a 
** divcrginjj appendage" an arm or a leg. Deep thinking anatomists have heretofore 
caught glimpses of these higher, or more general, relations of the vertebral elements, 
when mnch modified or specialiKed, as c.y, in the head, and have tried to give expression 
to the inchoate notion, a^ when Spix called the "maxillajy arch*' ths^ "arm of the 
head." These glimpses of a great truth were^ however, ill received ; and CuTtor 
alludcd to them, with ill- disguised contemjjt^ as being unintelligible and myBtical 
jargon^ in his great work on Fossil Animala (1825). But the error or obsenrity lay 
rather in the mode of stating the relationship of certain hones of the head to 
those of the trunk, than in the relationship itself: in the endcavoiir, f,^.^ to enrols 
the relation by special instead of general terms* Even in 1845 the learned and 
liberal-minded editor of 5aron Cuvior's last course of lectures, JI. do Saint Agy, 
commenting npon the osteologleal essays of Spix and Oken, remarks ^ " For my part, 
an * upper jaw' is an * upper jaw,* and an ^ arm.' is an ^ arm,' One must not seek to 
originate Bn osteology out of a system of metaphysics.*'* But a jaw is not the less 
a jaw because it is a " hicmapophysis/' nor is an arm tho less an arm hecause it 
is a '* diverging appendage/' In the same spirit a critic might T^Tite : "Newton trails; 
this earth a * planet,' and the moon a ^ satellite / for mc the earth is an earth, and 

• **?our moi, une mftthoirc nuperieurc est une machtjire tniwrieiiir^, et un bras Ml im bni. 11 
nc faut |niH cherebpr ^ fairo portlr rostcologin iVun ftv^temc <1e raetuplij^iique." 
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the moon is a moon. One must not striye to make an ouranology out of a system of 
metaphysics." After the first recognition of a thing, one may seek to penetrate, and 
succeed in knowing, its essential nature, and yet keep within the hounds of nature. 

In no class of yertehrate animals is the progressiye superiority of the cranium oyer 
the face marked by such distinct stages 

as in the mammalia. Various methods Pig. 47, 

of determining these proportions haye 
been proposed ; but the only satisfactory 
one is by comparing yertical sections 

of the skull, as in the scries figured in crocodilb. 

the cuts 47—62. 

In the cold-blooded ferocious crocodile (Fig. 47), the cayity for the brain, in a 
skull three feet long, will scarcely contain a man's thumb. Almost all the skull is 
made up of the instruments for gra- -pig, 48. 

tifying an insatiable propensity to 

slay and deyour; it is the material 
symbol of the lowest animal passion. 

In the bird (Fig. 48), the brain-case 
has expanded yertically and laterally, 
but is confined to the back part of the ai^aihum. 

skull. In the small singing birds, with shorter beaks, the proportion of the cranial 




Fig. 49. 




Fig. 50. 



cayity becomes much . greater. In the 
dog (Fig. 49), the brain-case, with more 
capacity, begins to adyance farther for- 
ward. In the chimpanzee (Fig 60), the 
capacities or area of the cranium and 
face are about equal. In man the cranial 
area yastly surpasses that of the face. 

A difference in this respect is noticeable 
between the sayago (Fig. 51) and ciyi- 

lizcd (Fig. 52) races of mankind ; but it is immaterial as compared with the contrast in 
this respect presented by the lowest form 
of the human head (Fig. 51) and the 
highest of the brute species (Fig. 60). 
Such as it is, howeyer, the more contracted 
craniimi is commonly accompanied by more 
produced premaxillaries and thicker walls 
of the cranial cayity, as is exemplified in the 
negro or Papuan skull. 

If a line be drawn from the occipital 
condyle along the floor of the nostrils, and 
be intersected by a second touching the 
most prominent parts of the forehead and 
upper jaw, the intercepted angle giyes, in a 
genersd way, the proportions of the cranial 
cayity and the grade of intelligence ; it is 
called the facial angle. In the dog this 
angle ig 20° ; in the great chimpanzee, or goriUa, it is 40", hufc ^ha ^y«B!eatfSB^^gggs«^- 
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ofbitd ridge o(jc»3ioiis flome exaggeration ; in the Austrjlian it is 85''; in the EuropdMm 
it k 95^. The onttont Greek artists adopted, in their beau ideal of the bcmitiful and 
inteUeotual, on angle of 100. 

Tig. 55. 




A retrospect of the? varied fonoB and proportions of tEe akelotouj? of animal?j whether 
modified for aqimtic, aerinl, or turrcstiiol life^ will ^ho^v that -Hhilat they wore pcifecflv 
and heautifuUy adapted to tho jiplior^ of Jife and e^iig^ucea of tlic apooicBj thej ndheird 
with roTuarkubk contttain?y to that general pattern or archetype m hieh wns first mani* 
fosted on this pknct, as Geology teaches^ in tlio class of fiabcg, and which huij not been 
deported fVom even in the most e^rtremely modified skeleton of the kat and Jjighest 
form which. CreatiYe Wisdom has been pleased to pkcc npon this eaitli. 

It is no mere tranRcendcntal dream, hut true knowledge and h'gitinmte firuit of in- 
ductive reaeareh) that elear insight into the essential nature of eatrh element of the tony 
frameworku whieh i& acquiied by tT^cing them &tep by step^ iia, e. ^., from the uiibranehe d 
pectora.1 ray of tbe lepidoairf n to the equally small aud slender but bifid pectoral ray of 
the amphimne^ thenee to the similar but tiiftd ray of the proteus^ and through the pro- 
gresjiively superadded structure and perfectiouB of the limbs in bigher reptiles and in 
mammabi. If the special homology of esch part of the dtTevging nppcndflge and itis 
supporting arch are recognisahle fix>in man to the fish^ iro CDttnot elosc the mind's eye 
to the: evidotneea of tliat higher law of archetypal confoimity on whieh the very power 
of traeing the longer and more special eOTrespondencca dependn 

BitflTon has -B-ell rmnarked, in the Introduction to his grt'at work on Natural HistoTy, 
" It 13 only by comparing that we e^in judge, and our knowledge turns cTitiiely on the 
relations iilat things bcir to those whieh resemble them and to thoeo which dilfcr from 
them; so, if th^sre were no animola, the natnre of man would be far more incomprc- 
henaiblo than it is" 

And if thk betrue, as to man" a general nature and powets, it la equally so with 
regard to hii aa^tomical structure. 

In the simiD spirit our philosophic poet felt that — 
** 'Tij the ituhliiDe uf man, 
Our noon tide ma j esly , to know otirsolTa 
Pkit miA proT»nmn* of a vontlroRS who]e."^COLCitrr«nt* 
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Vortobratcd animals of progressively higher grades of structure have existed at 
sucocssivo periods of time on this planet, and they were constructed on a common plan 
^nth thoao that still exist. 

Some have concluded, therefore, that the charaetei's of a spvX^ies become modified 
in sueceseivo generations, and that it was transmuti^ into a higher spiTies ; a rep- 
tile, f.^., into a mammal; an ape, into a negro. Li't us consider, therefore, the 
import and value of the osteological differences between the gorilla — the highest of 
all apes — and man, in ivfereneo to tliis ** transmutation hypothesis/* The skeleton 
of an animal may be modified to a certain extent by the action of the muscles. By 
the development of the processes, ridges, and crests, Uie anatomist judges of the mus- 
cular power of the individual to whom a skeleton under comi)arison has apjKTtainod. 
A very sti'iking difference from the form of the human cranium results fhmi the 
development of ceiiain crests and ridges for the attachment of muscles, in the great 
apes ; but none of the moix> important diffen^nces on which the naturalist relies for 
the determination of the genus and species of the oraugs and ehiuipuiucees have such 
an origin or dependent relation. The great superorbitol ridge, r.^., against which the 
facial lino rests in Fig. 50, is not the consequence of muscular action or development : 
it is characteristic of the genus Ttv^lodf/tcft fh)m the time of birth ; and we have no 
grounds for believing it to bo n character to be gained or lost through the operations of 
external causes, inducing iMU'ticidar habits through successive generations of a species. 

No kno^Ti cause of change productive of varieties of niauimalian species coidd 
operate in altei'ing tlio size, slinpe, or connections of the prominent prenvaxillory bones, 
which so remarkably distinguitUi the great Tt^lodytes gonlla ftx)m the lowest races of 
mankind. There is not, in fact, any other character than that founded upon the dove- 
lopmont of bono for the attachment of muscles, which is known to be auljeet to ohange 
through the operation and infiuence of external causes. Nino-tenths of the difl^ronoes 
which have been cited (see the ^* Transactions of tlio Zoological Sooifty," vol. ill., 
p. 413), as distinguishing the grcat cliimpanzee fit)m the humoA ipeoiej^ must ataad in 
contravention of the hypothesis of transmutation and progrosiivo devfilopmoiit, v^ntil 
the acceptors of that hypothesis ore enabled to adduce the facts domoMitrativo of tfio 
oondititms of the modifiability of such characters. Moreover, as the gonerie &nua of the 
ape tribe approach tlio human tyi)c, they are represented by fcM'er spooifn. The Mi^ty 
of the human species is demonstrated by the constancy of those ostoologiii|d and d^tal 
peculiarities which arc seen to bo most characteristic of tlie bimana in oontriMUBtiluition 
from the quadmrnana. 

Man is the solo species of liis gtmus (Aomio)— the sole representoiilto of hiiorder 
{hiinaua) ; he has no nearer physical relations with the brute kind thfui tho^e th«(| iMtlong 
to the choractors which link together the unguiculato division of the viMMRaliMi glass. 

Of the nature of the creative acts by which the successive races of aniiQtll weM called 
into being, wo are ignorant. But this wo know, that as the evid<uwM of w^^ -9^ ploii 
testifies to the oneness of the Creator, so the modifications of the plan fbr diftw^t modes 
of existence illustrate the beneficence of the Designer, Those struotureii nOMOims which 
are at present incomprehensible as adaptations to a special end, are m«do QoiBfV^o^^^^o 
on a higher principle, and a final purpose is gained in relation to humvm iiliJlU(!(<mce ; for 
in the instances where the analogy of humanly invented machines ^liU to explain the 
stinicture of a divinely created organ, such organ docs not exist in vain if iti. truer com- 
prehension, in relation to the Divine idea, or prime Kxomplar, lead rational beings to a 
bett^ cfmception of their own origin fuid Creator. RIGHAJEID 0W8K. 
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SUBSTANCE OF TEETH, 



ON THE PRINCIPAL FORMS mH STRUCTURES OF THE TEETIL 



Fig. L 



At tba comnKMcamcsit of ih© Treatise on tte Piindpal Formfi of the Skt^leton, it wa^i 
stated that "tootb,*' like "bone/* was the rcsiUt of the comhmatioii of certain cailhy 
salts with a prc-cxiating cellidar ha&is of animal matter. The salts, as ehomi in a. aub- 
joined table, are nearly the snmo as tliose in bone, but enter in a larger proportion into 
Hie composition of toothy and render it a harder bodj^ So composed, teeth ore pceuHar 
to the hack -boned (vt^rtebiate) animal?, and are attaebcd to parts of the mouth, com- 
monly to tbo jftwB. They present many varieties as to number, size, form, stnietmre, 
position, and mode of attaebment, hut arc principally adapted for seizing, tearing, divid- 
in(2^, pounding, or grinditi^ the food. Tn some species they axe modified to servEJ aB for- 
midable weapons of offence and defence; in others, as aids in locomotion, means of 
ancborage, instruments for uprooting or cutting down trees, or for transport and work- 
ing of building materiala. They are characteristic of age and sex ; and in man tikcy 
have seeondarj' relations subservient to beauty and to epeeeh* 

Tc«th arc always intimately Ti?lated to the food and habits of the anlnialj and urtJ 
therefore highly interesting to the physiologiet . tbey form, 
for the same reason, import-ont guides to the naturalist in the 
classification of animals ; and their value, as zoologieal cha- 
racters, is enhanced by the fjcility with which, &om their 
position, they can be cjtamined in living or recent animals i 
whilst the durability of their tissues renders tbum not le^s 
available to the pdEEontbologiat in the determir-ation of the 
nature and afiinitieH of extinct speeies, of whose otganistatipn 
they are often tJie solo remains discoyerable in the deposits 
of former periods of tiie eaith's history. 

The etibjitance of teeth is not so uniform as in hone, but 
consists commonly of two or more tiasuea, characterized by 
the proportions of their earthy and animal constituent^ 
and by the ?iiae, form, and dii-eetion of the cavities in the 
animal basis which con tain the earth, the flnid, or the vtis- 
eular pulp. 

The tissue which forms the body of the tooth is called 
** dentine" (denlimtm, Lat.,) Fig. 1, d. 

The tissue which forms the outer crust of the tooth is called 
the ''cement*' i^i^ijtmenttim, and fmaia putrom^ Lat.), iS., c. 

The third tissue j when present, is situated between the 
dentine and cement, and is called " enamcF* {mcttmiumy or 
adama^^ Lat.), f>&., e. 

'* Dentine'^ consists of an organized animal basis diaposod 
m the form of extremely minute tubes and cells, and of eaithy 
particles ; these particles have a twofold arrangement, being 
ei*hor blended with the animal matter of tho inters])ace.s 
and pmetcfi of tho tubes and cells^ or contained in a 
minutely granular state in their cavities. Tho doniity 
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Fig. 3, 



of the dentmt? miu^A prjncipBlly from thio proportioii of tftrth in the first of these 
states of comhiaation. The tubes ond cells oontain, biaside* the gtaiiulcu: earth, a. 
oolomiesa fluid, probably transuded " plaeinii,*' or ** liquor aanguinis,'' tmd thus rt^Iate 
ncit only to the mechanical conditiona of the tooth, but to the vitality and nutrition of 
tbo dentine- * 

In hard or trne dontino, the tubes ealh^ " dentinal tuboa " diverge from the hollow 
of the tooth, called "pidp-cavity"* (Fig. l)^p^ and proceed witli a alightly wa^y courao 
at right anglefl^ or nearly &o, to the outer aurfape* The hard sul^tauee of the tooth is 
iJiUB arranged in hollow coLumni^ perpendicular to the? ploue of pitiaauvr, and a certain 

elasticity results from their curves ; they aro 
upright where the grindiii^ BUrfaee of the 
crown receives the appulao of the oppofiiug 
tooth, and arc horizontal where they have to 
resi^ the pressure of conti^oiu teeth. In 
^ Fig. 2, a highly magnified view m given of a 
am all portion of human dentine, ahowing tbe 
tubuh, rfrf, in the intoitnbuiar substance, with 
thE? traces, ce^ of the prinutire cellular con- 
stitution of that substance. For the mode in 
which the naclcated cells of the primary basia 
■^ of the tfxith, colled ** tooth-pulpi** arc con- 
verted into dentmc, refertuce may be made 
to the author* a *' Odontogiiiphy '* (Introd*, 
plated 1 and 2)* The tubuli, besides fulfilling 
the mechanical cnd» above stated, receive the 
plasma transuded from the remains of the vas- 
cular pulp, which circuktt'S, h}^ anastomosing 
branches of the tubuli and by the plasmatic 
SECTION or ituiiAs Tooiu ^highly magnifiedj. ccll« of the Latertubuloi- substance, through 

the dentine, maintaining a au^cieut though 
knguJd vitttlity of the ttssue. The delicate ncrve-hronehea on the pulp^s surfaeo, aome 
minute production of which may penetrate the tubuli, convey aensations of impressions 
affecting the dentine — sensations of which every otio has experienced the acuteness 
when decay has affected the dentine, or when raeehauieal or chemical etimuK have 
^* set the tooth on edge :" but true ** dentine" has no camda loi^c enough to admit 
capillary vcflsels with the red particles of blood. 

The first modification of dentine ia that in which capillary tracts of the primitive 
vascular pulp remain uucdcified, and permanently carry red Hood into the siibatcnce 
of the tissue. Theae so-called "vaaeular canals" present various dispositions in 
the dentine which they modiiy, and whieh modificntion is called " vaso-dentiae/^ 
It ia often combined with true dentine in the same tooth, e, g,^ in the large 
incisors of certain rodents^ the tuaks of the elephan^t, tJie nwlan of the extinct 
iguonodon. 

A second modification of the fundamental tissue of the tooth is where the cellular 
basis ifi arranged in concentric layers around the vascular canaK a^^ contains *' radi- 
ated cells*' like tliosc of the osseous tissue ; it is called '■* oateo-dentine.'* Tbe tran- 
dtion ^tn dentine to vaso-dentine, and &om this to ostco-dentine, ifi gradual, and the 
resemblanec of osteo-dentine to true bone is very close. _\^ 
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"Cement'* always closely corresponds in texture with the osseous tissue of the 
same animal ; and wherever it occurs of sufficient thickness, as upon the teetii of the 
horse, sloth, or ruminant, it is also transversed, like bone, by vascular canals. In rep- 
tiles and mammals, in which the animal basis of the bones of the skeleton is excavated 
by minute radiated ccUs, these are likewise present, of similar size and form, in the 
cement, and are its chief characteristic as a constituent of the tooth. The relative 
density of the dentine and cement varies according to the proportion of the earthy 
material, and chiefly of that part which is combined with the animal matter in the 
walls of the cavities, as compared with the size and number of the cavities themselves. 
In the complex giinders of the elephant, the masked boar, and the capybara, the 
cement, which forms nearly half the mass of the tooth, wears down sooner than the 
dentine. 

The "enamel" is the hardest constituent of a tooth, and consequently the hardest 
of animal tissues ; but it consists, like the other dental substances, of earthy matter, 
arranged by organic forces in an animal matrix. Here, however, the earth is 
mainly contained in the canals of the animal membrane, and in mammals and 
reptiles, completely fills those canals, which are comparatively wide, whilst their 
parietes arc of extreme tenuity. 

CHEMICAL COMrOSITIOX OF TEETH.*' 
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The examples are extremely few, and, as far as I know, are peculiar to the class 
Fisces, of calcified teeth, which consist of a single tissue, and this is always a modifica- 
tion of dentine. The large pharyngeal teeth of the wrasse {Labrus) consist of a very 
hard kind of dentine. 

The next stage of complexity is where a portion of the dentine is modified by vas- 
culai' canals. Teeth, thus composed of dentine and vasodcntinc, are very common in 
fishes. 

The hard dentine is always external, and holds the place and performs the office 
of enamel in the teeth of higher animals. The grinding teeth of the dugong, and the 
conical teeth of the great sperm-whale, are examples of teeth composed of dentine and 
cement, the latter tissue forming a thick external layer. 

In the teeth of the sloth, and its great extinct congener, the megatherium, the hard 



• Selected from the nnnlvtic tables given in the author's 
\ Ixii.-lxiv. (1340). 
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dentine u radjuccd to e. thin layt^r, mid tlip ebief bulk of the tooth is nux^ up of a 

central hcdy of TaBO-dentiiii>, and a thick estemfll cnist of cement. 

The hmd dentme i^ of coarac, the firmest tiBsuG of a tooth so com- 

pOBcd, and fonns the cre^t of tl«; trajisTerse ridgoa of the grinding 

aio-^ci', like the enaut^l pkt^^s in the elepliMit's grinder. 

The huinmi. teeth, imd thos^of the yarmvomusummntahif appefli' 

at first £ight to he composed of dozLtiae dnd enamel only j but their 

oroTms are originally^ and their fangs s^e always, eovcrcd by a 

thin peat ef tem^t. There is abo commonly a smsJl central 

tract of osteo-dentine in old teeth. 

The tt^eth, called compound or comjilcjc, in iimmmffHit^ differ 

m ru>g!Lrda their eampt^tion fitjm the preceding only by the 

diSbrent proportum and ili^po^itlon of tho tonistitucnt tissues. 

Fig. S Lj a longitudlmd s<^c:tion of the im^^or of a horse - d is tho 

dentine, * th^ enamel^ and c the cement, a Inyer of which is 

reflected into the deep central depre&aiou of the cxoivn ■ * ijidioatea 

tht> coloured nuL^ of tartar and particles of food which iilk up the 

cavity, foiinuig tho ** mark*' of the liorso-d&akr. 

A Tcry complect tooth niny bo fanned out of two tissu^ra hy 

the way in which the;5C may be iutorblended^ as the result of an 

origin^ CompIoaL disposition of the constitnent^ of the dental 

miLtris. 

Certain fiaheaj nnd a singular family of gigantie cjctinet 

batrachifiusj which I have eollod '* Labji-inthodontij,"* exhibit, ns 

tho name implies, a remarkable instance of this khid of complexity 

to be of the iiimple corneal kind, with the 
exterior surfaee niLTcly striated iongitiicli- 
nally ; but, on nKddng a trfflaaTerse ecttion, 
08 in Fig. 4, cQch Rtreok is a fiasuxc into 
which the rery thin cxt^rnial layer of cement, 
f, ia reflected luto the boity of tht* tooth, fol- 
lowing the Binnons wm?fm§a «f the lohcs of 
dentine, if, which dirage frani the ocntml 
pulp cavity, st. Th^BiflMtied fohi of eem«ntj 
P, Tun& Btraight for ateit btlf a lino, a.nd thtw 
becomes wavy, the wares jafMLy increaaitig 
in iM'eadth a^i they recede flfown thfl^ pcrfpliOT}" 
of tho tooth ; the first twoy throe, or foor hh- 
dolationfi are simpk% ton ikum^ emtonr itself 
becomes broken by amnUer or aeeondory 
waves ; tha»e become Rtronger as the fold 
approacheg the centre of tho tooth, whein it 
increo^ft in thicfcaesa, aud finally terminates 
by a alight dilatation or loop close to the 
pulp-cavitj'T from which tbe fico margin of 
the infieetcd fold of ecmont is separated by an extremeiy thin layer of dentmc. Xlie 
Dumber of the inflected conyerging folda of dentine is about fifty at the middle of the 
• " Prtrtwdini^s of th? Gcolopiciit Society," Jun, 2(», 1S41, p. 557. 
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COMPLBX AND COMPOUND TEETH, 



{i^rown. of tliG tootli, Irat is greater nt the base* All the inflected folds of cement^ at the 
liaiie of the tooth, have the aome compile ated diaposition with increaacd eitent j hut, 
aid they appioatjh tho^ termination towards the upper part of the tooth, they also 
gradually diminish in breadth, and coiiaequently penetrate to a less distance into the 
sv^b^Rce of the tooth. Hence, in such & section oa ia delineated (Fig. 4), it ynR be 
ohtservod tlmt some of the convohited fold*, n^ those marked fr fr, eictend near to the centre 
of the tooth ; others^ a? those marked c% reach only about half way to the centre ; smd 
those folda, tf', which, to use a geological expression, are " cropping ont," penetrate to a 
very short dlatimce into the dentine, and res^mhlo, in their extent aTid simplicity, tht^ 
conrorging folds of cement in the fangs of die tooth of the ichthyosanrus. 

The disposition of the dentine^ dj ia still more complicated than that of the cement. 
It ctmsiate of a slender^ central, corneal column, excayated, hy a conical pulp-cayity, ^, 
for a certain diatanee fix)in the base of the tooth ; and tliiB column sends from its eircuni- 
fercnee, radiating outwards, a series of Tertical plates, which divide into two^ once or 
twice, before Uiey terminate at the pcripherj' of the tooth. Each of these diverging 
and diehotOQiiaing plates gives ofE^ throughout its course, smaller processes, which stand 
at right anglesj or nearly so, to the main plate. They ore generally oppositej hut riOine- 
timea altenmte ; many of the secondary plates or processes, which ore given off iifjcu- 
the centre of the tooth, also divide into two before they termiuate, as at n ; and their 
contour is seen, in the transverse section, to partake of all the nndulationa of the 
folds of cement which invest them^ and divide ihe dentinal plates mid prnjcsaaes fi*<jm 
each other. 

Another kind of complication is produced hy an aggregation of many simple teeth 
into a. single mass. 

The examples of these trnly eomjiomid teeth arc most common in the dass of ilshos \ 
but the illustration here selected is from the mammalian class* Each tooth, of the Cape 
Fit* S- ant-eater {Oiyeteropm)j presents a simple form, i^ deeply 

set in the jaw, but without dividing into fangs ; its hroad 
and flat base is porous, like tha section of a couinion cane. 
The canals to which these pores lead^ contain processes of a 
vascular pulp, and are the centres of radiation of as many 
independent series of dentinal tubides. Each toothy in 
fact, consists of a convenes of long and slender prismatic 
denticles of dentine, which are cemented togetlicr hy 
their ossified capsules, the columna]: denticles slightly de- 
creasing in diameter, and occasionally hi furcating as ihey 
appnxach the griuding surface of the tooth, Eig» 8 gives 
a magnified xIgw of a portion of the trans vei^e section of 
tJie fourth molar, showing i; the cement ; *?, the d^'Otine ; 
and J?, the puli>-cavity of the denticles* 

In the elephant the dentielea of the compound molars 

are in the form of plates, verticftl to the grinding sm^ace 

j^aASfBwusjiflicTioNOFPAaToK ^ transvcrsc to the long diameter of the tooth. When 

(inafftiiiicd). the tooth is bisected vertically and lengthwise, the three 

suhstanccs, d, dentine, c^ enamel, and <?, cement, ure seen interbkndcd, as in Fig. 6, 

in which p h the common pulp-cavity, and r one of the roots of this comphM tooth. 

Suidi are some of iJie prominent features of a iield of observation which Comparative 
Anatomy opens out to our view-^uch the varied nature, and gneh the gradalioii of 
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tomplemtj of the clental tissx^es, wMcli, up to Deccmlier, 1S39. eontinticd, notwiQi- 
Fig. 6. standing successive approidmaiiqn^ to the tnitli, 

to be described, in systematic works, as a 
"plmnero^" or '* q dead part or product^ ei- 
halsd from the surface of a formative bulb !*'♦ 

S«zita.l Syatexa ot Fi&liea.— The teeth 
of fiiiht^Ss vhethcT wo study tliem jn regard to 
thi.'ir numhcr, forroj sutstance, etrut^tiire, bittia- 
tiojij or mode of attaehraent^ offer a greater and 
more sEtLikiug serit^s of Taiit'ties than do Uioae 
i>f QiLj other class of ammals. 

-La to nunihcr, they range from zero to ccnmt- 
lesa qiiantitiufl. The laneclet^ the ammocptc, tJic 
flturgt^on, the paddle-fish^ and the whole order 
of kphfihr^^iehiij arc edcntxilous. The myxmoids 
have 11 single pointed tooth en the roof of the 
month, and two gerratcd dental plates on the 
tongue. The tench liaa a single grinding tooth 
on the occiput, opposed to two dentigerous 
pha.Tyngeal jawa below. In tho lepidoKiren a 
single maxillary dental plate is opposed to a 
single mandibular one, and there are tvo sniall 
denticlegi on tho nasal bone. In the extinct 
sharks with eniriiing teeth, called Mratodits and 

tmodm^ the jaws were ormcd with four teeth, two slmve and two below* In the 








Uin^i'i^i tiro mandibular teeth aj:e opposed to four maxillary teeth. From this low point 

• See tbeFa&eiCiiltisonM, dcBlain^ille'a grepit "^cork, "Oat^ograpliie ct Oilontojfrsil'bio tVAtiinittux 
Vertt^bT^Ht** wbfth ho HubniUtod to the Academy of Sciences of tbe laslitutc of Fiiiuee on thH enme 
day, Dti;e^bE;r iGth, 13^9, an whtcb I camiiiUDlcm,e(l^ on liic octaBion of us j- election as corTo*poadlBflf 
member of that body, my ^""TlieoTyflf tbe dereloiirQeiit of dcntino by centtipettil cakiScciUoil and 
CDiiTersiOTi of tbc cells of tbe ptilp>'^ 
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this ntiTnber in different fi^tos is prfign^ssiyely multipliod^ until in thepibo (Fig, 7), tJic 
silmtiidsj und. many other tiihes, the month becomes crowded with countless teeth. 

With Inspect to form, it may be pmrnisttd tliat, m orgimixed hemga withdraw 
themselves more and morcj in their as^t^t in the e^cale of life, from the influence of the 
gtiieml polarising forceB, eo their parts progressively deviaetD fTOm gieomettriciil figures : 
it is culy^ therefore J in the lowest Tertehrated eluas thai WK £nd tce>tb ia tko form of 
perfect cubes J and of prisms or plate.^ with three sidsn (as in m^kiae)^ fiynr smIqs (as in 
smrm\ ^ve or sis ^das {'as in mijUfJj&te^ Fig, 8). ^o oone is tlie most eomzojon form 

in £shcs : siu^ tfip^t]! mtaj b& slciiMlGr, sluu'p- 
pointed^ and so mitLute, sum^i^u^ tmd Gl(K>ely 
(^^regatsd, as t^j iiosemhlc tJus plush or pile ol 
velvet. Hu3sc aro called ** Tilliform. teeth'* 
{dmks vilUfwms^ L»L ; dmia m wiour*^ Fr,) 
All the teeth of iiie pcKih are of thia Idnd, 
When the teodi are oqnaBy fine and raune- 
VQuSj hut longnr, these are i^lltnl *^ iiUiiforui"' 
{drnkv dh'ifarHtCf) ; when the teeth ta^ fflnilar 
to hut 'rather stmnifer liuin theses, they are 
c^illjad^^Bctiforni*' {denietseiifomtiiUf Lai* 9 duttt 
en broiisej Fr.) : the lieolih in thti uppor jaw 
of the pike (Fi^, 7) su^ of ihm Msd. Cunieal 
teeth, as elof^e^^'t and sharp-poiiiied aa tlie vU- 
lifoitii teeth, hut of larger shie, are called '* rasp-teeth" {denies radNajhttneHj Lat. ; datts 
en mpe^ or eii (ardtJff Ft.) : the pike presenta suc^h teeth on the hack part of the vomer. 
The teeth of the sheat-fish {SUttrua gtania) present all the gradations between the viUiibrm 
and radiiliforin types* Setiform teeth are eDuimon in the flahca thence called Chaetodonts ; 
in the genus Ciiftariiiie they hifureate at their free esitrcmitiea ; in 1^ geniia Mntfiic 
they end there in thj-ee divergbijj poliitSj and the cone here mtstgoB wiio the long and 
slender cyltndor. Sometitues tht' eone ia eomprcsscd into a ^cnd^ trenchant blade : 
and thi^ may he pointed «nd iwrnrred, as in the itnirtent^ ; or barbed, as in trkhmni^ 
and feome other Si^omberokLs; or It may he bent upon itj^elf, hk& & tenter^ hook, aa in 
the fiahea thence eaUbd Gmtt^^titA. Is the honito may be peroeived a progressive 
thickening of the base of the eenie-al teeth ; and tiiis being eombioed in other predatory 
fishes with inejcased size and rwciiiTed dbectiMi, thtfy then peBcmble the laniary or 
canine teeth of coaiiiv^orous quadrupeds, as we see in the large totithof the pike (Fig^ 7)j 
in the lophiu^f m^ in ccirtaia shoi^ 

The lintcr lor diyf^^gliif jn]i|iHn^ teetk af the wcdf^fLdi (Fig. 9)^ i, form fitronger 
oonee ', und by progros^TD bltmiang:, fla^cnirig, and expamaon of tjie apex, ohBCin'ahle 
in dMnfmt fi^€, the cone gradually changed to the thiek and Hbort eylioder, sudb -as 
is ieon in i^e back tee^i of the wolf-JL^h, n^, iind 121 eiMilar grinding and crushing: teetkan 
Otluir gesi^rai whether the flfihes he feeders ou sea-wcedLE, or on eruistaejSOUA and tiiBfcU]ieoti$ 
axiimala. The gmidiiBg mnface of these ^lort «y3indiicjd teeth may be oonveK, m in 
the fiheep*s-hcad fish (Sftrffm) ; or flurtiiFiifxIj as hi tlu" phaiyugaal teeth of tin- wrasse 
(ZaAri*^). SoTnethncs the hemispheric teeth are so numerous, and spreatl over so broad 
a surface, oa to reaemble a pavement, as in the pharyngeal bonea of the wiasso ; or they 
may he ao smallj a-^ wcU as ntimejoua, as to give a granulated surface to the part of the 
motith t<j 'W'hich they are attached, when they are called^ in ifbthyology, dtnies 
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A progrcssiye increase of the trjuisverse over tlie vertical diameter maybe traced in 
tho molar teeth of different fishes, and sometimes in those of the same individual, as in 
labntSf until the cylindrical form is exchanged for that of ihe depressed plate. Such 
dental plates {denies lamelliformes) may be formed not only circular, but elliptical, oval, 
semilunar, sigmoid, oblong, or even square, hexagonal, pentagonal, or triangular ; and 
the grinding surface may present various and beautiful kinds of sculpturing. The 
broadest and thinnest lamelliform teeth are those that form the complex grinding 
tubercle of the diodon. 

In the sharks and rays the teeth arc supported by the upper and lower jaws, as i:i 
most quadi-upeds ; but many other fishes have teeth growing from the roof of the 
mouth, from the surface of the tongue, from the bony hoops or arches supporting tlio 
gills, and some iiaTe tiht^m developed from tho bone of the nose and the base of the 
skull. In 1^ catrp and tench the teeth are confined to this lattor unusual position, and 
to a pair tif boties, called "** pharyngeal," which circumscr^ ithe back outlet of the 
moa&i 

Fii4e« exhibit, moreover, a greater nnge of vaiia^ifc^fe mode of attachment of 
the t€r0& than any other class of ai&«nals. In tS^ idkaiii^ -mA the singular fish called 
the ^«agler/' th« teeth arc moireable, their %Me 1N«I^1M% ligaments to the jaw. 
In like angles* ^ae ligaments are 8» inserted thift^liey ddVAit fttnit the teeth to be bent 
outwards beyonithe ^vcrtied pwntion, bat yifM to jBSWStepe in the contrary direction, 
by which the point of liie toc^ may be dinotoA tMTvds the back of the month ; the 
instant, ho^rcvc?!^ that th| presNcre is r^iiMi, 4Sk& ti«& returos through thA> elasticity 
of t^« b^t ligamcflECts, tS by 1^ action %£ « ^icfaig, to its usoal erect pontion ; the 
de^iidtion of the prey of this roracious fii& ifi thti« facilitated, aad its esoape |)revented. 
The Itttrnd and generally bifurcate booty base of the teeth oC sharks is a£tac3ied by liga- 
ments to the semi-ossifted crust of the oarfflaginous jaws ; but they have a© power of 
erecting or depressing the teeth at will. 

The teeth of the sphyraena are examples of the ordinary implantation in sockets, 
w^ l&e addition of a sKght anchylosis of the base of the fully-formed tootb with the 
alv^br walls ; tOid the compressed rostral teeth of the saw-fish are deeply implanted 
in sockets; the hind timi^^ of their base is grooved, and a corresponding lidge frwn 
the bock part of t^e so^st fits into the groove, and gives additiond fixatioa t« the 
tooth. 

The singular and powc^uHy dev^eyped dental' 4system of the WIf>6sh {JbmrrJiicas 
Itipuiy ¥i$. 9)liaM bMKL a subject of interest to many anatomidt^ Most «f tlie teeth 
ore "pomiaM. fanL^tk&n^ some present &e laniary t]^^ <witti the i^k^s more or less 
recurved and blunted by use, and •oottttat dP -rtwang cones, spread abroad, like grappling 
hooks, at the anterior part of the mouth, «, t. 

The premaxiUary teeth, 22, «, are all conical, and arranged in two rows ; there are two, 
three, or four in the exterior row, at the mesial half of the bone, which are "die largest ; 
and from six to eight smaller teeth are irregularly arranged behind. There are three 
large, strong, diverging laniaries at the anterior end of each premandibular bone, and 
immediately behind these an irregular number of shorter and smaller conical teeth, 
which gradually exchange this form for that of large obtuse tubercles, m, vi ; these extend 
backwards, in a double alternate series, along a great part of the alveolar border of the 
bone, and are terminated by two or three smaller teeth in a single row, the last of 
which again presents the conical form. Each palatine bone, 20, supports a double row of 
teeth, the outer ones being conical and straight, and from four to six in number ; the 
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imivT qn^ two, thi'c^, or four in number, and tubeiculate* Tke lower siir^o of the 
yoTuor, 1^1 i^ covered by a dotibLo irrGjjpiliirly oltcrnxLto acrica of the stinie kind of large 
tuljcroulatc trusliing toDth aa tkose at the middle of the premandibtiliir hone* Thvis 
the inside of the mouth appears to be paved with teeth, by metms of whieh the wolf-fish 
can broBk in piecca the shells of whelks and lobsters, and oifectnally disengage the 
nntritiong finimal parts from tbein. All the teeth are ancJiylosed to more or leas 
developed alveoku' otainencijs of bones* From the enormous power of the mnaeka of 
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the jaws, and the ati'engtk of the shcllg whieh ore cracked and crushed by the tecfth, 
their fracture and dijsplaeement nmst obi'ioualy bo no un frequent oecurrenee ; tmd most 
Blieebnt?iis of the jaw3 of the wolf-fiab exhibit some of the teeth either separated at this 
line of inipertbct anchylosk, or^ more rarely^ detaehed by fracture of tbfj supporting 
o^eoua alveolar process. 

ThiiSj with reference to the malr. imd fundamental tiasuo of toothy we find not fewer 
than six leading modificationa in fiuhee. 

HEird or true dentine^Sparoida, hihrojdsj lophius^ haliste*, pTcn«dont», prionodon, 
ipbyr^f^ua, megiiliehthys, rMitodes, diodon, scaros j 
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Osteodentmc — Cestracion, acrodus, lepidosiren, ctenodus, hybodus, percoids, 
scisenoids, cottoids, gobioids, sharks, and many others ; 

Yasodontme — ^Psammodus, chimseroids, pristis, myliobates ; 

Plicidentine — Lophius, holoptychius, bothriolepis ; and 

Dendrodentine— Dendrodus ; 

Besides the compound teeth of the seams and diodon. 

One structural modification may prevail in some teeth, another in other teeth, of the 
same fish ; and two or more modifications may be present in the same tooth, arising 
from changes in the process of calcification and a persistency of portions or processes of 
the primitive vascular pulp or matrix of the dentine. 

The dense covering of the beak-like jaws of the parrot-fishes (Scart) consists of a 
stratum of prismatic denticles, standing almost vertically to the external surface of the 
jaw bone ; this peculiar armature of the jaws is adapted to the habits and exigencies of 
a tribe of fishes which browse upon the Hthophytes that clothe, as with a richly tinted 
carpet, the bottom of the sea, just as the ruminant quadrupeds crop the herbage of the 
dry land. 

The irritable bodies of the gelatinous polypes which constitute the food of these 
fishes* retreat, when touched, into their star-shaped stony shells, and the scari con- 
sequently require a dental apparatus strong enough to break off or scoop out these 
calcareous recesses. The jaws are, therefore, prominent, short, and stout, and the 
exposed portions of the premaxiUaries and premandibulars are incased by a complicated 
dental covering. The polypes and their cells are reduced to a pulp by the action of the 
pharyngeal jaws and teeth that close the posterior aperture of the mouth. 

There is a dose analogy between the dental mass of the scarus and the complicated 
grinders of the elephant, both in form, structure, and in the reproduction of the com- 
ponent denticles in horizontal succession. But in the fish, the complexity of the 
triturating surface is gi-eatcr than in the mammal, since, &om the mode in which the 
wedge-shaped denticles of the scarus are implanted upon, and anchylosed to, the 
processes of the supporting bone, this likewise enters into the formation of the grinding 
snr&ce when the tooth is worn down to a certain point. 

The proof of the efficacy of the complex masticatory apparatus above described, is 
afforded by the contents of the alimentary canal of the scari. Mr. Charles Darwin, 
the accomplished naturalist and geologist, who accompanied CaptainFitzroy, K.N., in 
the circumnavigatory voyage of the ^* Beagle," dissected several parrot-fishes soon after 
ihey were caught, and found the intestines laden with nearly pure chalk, such being 
the nature of their excrements ; whence he ranks these fishes among the geological 
agents to which is assigned the office of converting the skeletons of the lithophytes 
into chalk. 

The most formidable dentition exhibited in the order of osseous fishes is that which 
characterizes the sphyraena, and some extinct fishes aUied to this predatory genus. In 
the great barracuda ot* the southern shores of the United States {Sphprana barractidaj 
Cuv.) the lower jaw contains a single row of large, compressed, conical, sharp-pointed, 
and sharp-edged teeth, resembling the blades of lancets, but stronger at the base ; the 
two anterior of ther>c teeth are twice as long as the rest, but the posterior and serial 
teeth gradually increase in size towards the back part of the jaw ; there are about 
twenty-four of these piercing and cutting teeth in each premandibular bone. They 
are opposed to a double row of similar teeth in the upper jaw, and fit into the interspace 
of these two rows when the mouth is dosed. The outermost row is situated on the 
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mtt?tmax:illaiy^ tlio iimc?rmo&t on the ptdutine bimeH ; there are iiu teoth on die vtimer 
or superior masillarj'- ]ion<?8. The tWij as tenor teeth in eatih pfPomiixiJltiry hone equal 
the oppoaitp pair m tha lower jaw in slkc ] the posterior teatii are BCiriaL, ixumerouf*t and 
of email sbf^ ■ the second of tlip t^^j iintorior large promaxillary tc'eth h placed on the 
inner side of the eomraeneeiuent of the row of Bmall teeth, and ia a little inclined 
backwards. The retaining' power of all the large antrrior tee til ia inereaeod by a sliglit 
posterior projeetion, gimilar to the barb of a fiah-iiookj birt smaller. The paktitM? bonea 
oonti-iti ea'.^h nine or t€*n laneet-ahaped teoth, aomcTv^hat largei- than the posterior oned 
of the lower jaw. All thesi? teetti aiford good exanipleij of the mode of attaohtneajt by 
implautfltion in sockets, which has he^^n denied to exist in fishcfl. 

The loss or injurj- to whieh theae dieetnictive -weapons are liable, in the oonfliet 
wMch the Bphyrama wagea with its Kving and stmggling prey^ is repaired hy an mk- 
infcemiptod snecession of new pulps and te(?th* The exbtence of these ia nidicated by 
tbe forarainaj which are situated immediatdy postorior to, or on the inner margin ^fj 
the ftotkets of tihe terth in plnco ; these foramina lead to alvooli of rosorre, in whieh 
the crowTxa of the new teeth in different stages of deTelopment are loosely indjeddcd. 
It 13 in thia position of the geruM of the teeth that the sphjTaanoic! fishes, both recent 
and fossil, mainly diffcrj as to their dental characters, fcom the Trcst of the Hpomberoid 
fonxily, und proportionally approach the eaiiroid type* 

In all tishes the teeth are ahcd and renewed, not once only, as in mammals, but 
froqut?ntly dttrin^ the whole courac of their lives. The mamillary dental plates of 
If^pidwir^n, the cylindrical dental masses of the thimroroid ami edaphodont fishes, and 
the rostral teeth of the aaw-flsh (if theae modified dermal spines may be so called) mj"e, 
perhaps^ the eole OKamplcB of ^'penwancnt teeth" to be met with in the whole elaisB, 
In the great majority of fishes, the germs of the new tootb. are deTclopcd like those of 
the oldj from the free aurface of the buccal membrane throughout the entire period of 
sncDE&sion; a eireunietiiiife peculiar to the prcHcnt class. The angler, the pikc» and 
moat ot OUT commoti fishes, iHnstrate thia mode of dtntal reproduetion ; it is very eon- 
»pi(!uoua in the cartila[rinou^ fiijhcs (Fig* S, p.g.)^ in which the whole phalanx of their 
nimu^rous teeth is ercr marcliing dowly forwardu in ix)tatoTy progress orer the alreolar 
border of the jaw, the teeth being sneeessiYely ciist off us they reach thi* outer margin^ 
and new teeth minjiif from the mueons membrane behind the itjar rank of the phalanx. 

This endless sucffession and decadence of the teeth^ together with the Vtt»t nrnnher 
in whieh they often eo-e,tist in the same fish, illustrate the law of "TegotatiTTe or irre- 
lative repetition/* as it manift^s itself on the first intradnctioci of neir organs in tho 
animal kingd'jtm, under which light we must view the above -deseribed oi^mixed aiid 
calcified preparatory instruments of di^^^tion in the lowest elajss of ti.^ vortebrate 
fi^es. 

Hental Bj^lem, of Reptiles.— In the ck^ r^tHin an entirt; order {C3t*ImM), 
ineludlng the tofrtoii5es, tcCTapencs, and turtle^ are devoid of teeth ; but tiifi jaws in 
these edentulous reptiles arc eovewd b}' a isheath of horn, which in some specios is of 
eonaiderable thickneaa ojid density ; ita working stirfaec is trenchant in the camiTOnDUS 
fipemea^ hut tA rariously seid])tured tmd adapted for both cutting and bmiiing in the 
Tegetahle feeders. No Rpecios of toad posscsaei* teetJk ; neither have the jawi tiie cam- 
pensatory covering above described in the chelouians. Frogs have teeth in the upper 
but not in the lowei* jaw. Ncwte and aalamanders have teeth in both jawa, and also 
upon the palate ; and t^eth are found in the latter sitnation m> well as on the jaws in 
niost Berp«nts~and in the i^ana lizard. In most cither liflirds and in croecidilea the 
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teeth are caiilixed to the jave: in the former they are oemented or anohyloaed to Iho 

jaw ; in ihc latter they iLne implanted in sockets. 

Tiio existing lizards Pithihit many meflifications in the form of the tooth mt^jording to 

the nataro of the food. They are pointod iWth sharp cnttin[r edgea m the great enmi- 

vorona monitor ( Faramts), and are ohtnse smd reundod like pa^ing-atonos in tlio herbi- 

TorOLis or miied feeding seinlcfi, caUeJ, on acceimt of the shape of the teethj ei/eiodits. 

The glRjantic os:tinct lizHrdi showed flimilar modtficatiOMS of iiclr teeth. The mega- 

Inaauros had terth which coHibiTicd th^s proptirtics of the ktiife^ the galirc, and iie aaw 

(Fig, 10). IThfln ftrat protruded above the gtrmj the apex of the tooth presented ft 

double tuttmg^ edge of seiratM enamel ■ its position Fig. 10* 

and lino of action were nearly verticalt a^d its form^ 

like litat of th^t^'o-^dgod sword, entting equally on eaeh 

side, A& the tooth adraneedin growth it hecanie etirved 

backwards in the form of a pmnin^-knife, and the edj^' 

of aen-atcd enamel wftfl coirtinnod downwards to the 

base of the flc^nf^^ve imd ctftting side of the tooth ■ whilst 

on tbiB dtiior flidc a simiLiir ed^ deioended but a short 

diatiBC& frj>m the point, Hudtho ponyex j^art of the tooth 

hccame blunt and thielc, a* the buek of a knifo is made 

iMfldk for t3ac piarfioai] of jirodncing E^eTigtb. In a tooth 

thna foj-med for cutting alon;x iti eeaicaTe cdg^, each 

movement of die jaw combincid the power of the knife 

and the saw* The baekward unrratm'e of the fuU- 

grnwn tseth enables thctn to retain, liko baihs^ tho 

prey which they had penetrated. 

In the iguanoden — ^the ^igjmticcentrjmponiry ofthe 
megaloaauma— the crawn 
of the teeth (Fig, 11) wa^i 
90 shaped, that aftPt tho 
apex became yroni down, a ( 
it presented a broad and 

nearly horizontal surface ^ Tt^cyla or t :tE srpoALosATTitf*. 
oxpoaing dental substances of four difFcrLnt dt^grei?8 of 
denBityt^Tij!,, a ridge of enamel along the onler border 
of the crown ; a layer of hard or iiHTtiscular dentine 
next to thi^i J a layt^r of softer yaaf lUar dentine form- 
ing- the inner half of the erowu; and a portion of iflrm 
ogteo-dentine in the luidtlle of thegrindmg^«urfacf\ formed 
by the ossified remnant of the tooth-pulp. Tho senes 
of eomplcx teeth^ so fonrtnicted, ^c^ema to hare been ad- 
mirably adapted to the cropping and coraTfiinntion of 
such tough yegetabie food aa the chfthraHer and similar 
now extinct plants^ the fossil remain^! of whieh am 
found buried with those of the ijrnanodon* No e^ifitjng 
rt»ptUe now pn?£eut5 m complicated astro eture of the tooth 

In relation to vegetable food, Tho atill more complex^ and indeed marvellous 

straeture of the teeth of tho extinet gigantic liKard-Hke toad, called Ltthiftinthfidm^ 

hniA been already noticed (Figr, 4, p, 265)* Butt perhaps, the moet singular dmital 
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EtnictuTO yet fottnd in tho ancient mcmlioj^ of the cla&B E^^ptilia, is tliftt presented 
by certain species of fossil found in South. Africa, and ]jrobahly from A geological for^ 
mation nearly as old as our coal strata. I have callod ttem "Diuynodonts,'* fi-oni 
their dcntitiorL being rcdu^^tMi to one long and largo canine tooth on each side of the 
Tipper jflTT, As these teeth givCj at fii'st sights a character to the jaws like that which 
the long poison-fanga give, when erected, to the jaws of tho rattlesnulLe, I shsiJl 
briefly notice their characters hcforo entering upon the descriytion of the more normal 
^uriau dentition. 

Fig, 12 giyes a reduced aide ^icw of the skull and teeth of thcs I)kynod&n taccr- 

The maxillary hone, 21, la excavated hy a wide and deep alveolus^ nath & circular 

ar€^ of half an inth, nnd lodges a long and strongs slightly curvcdj and sharp -pointtMlj 

canme tooth or tusk, wliich projects 

about two-thirfla of its length from **" "* 

the open cxtremty of the aocket. 

The direetion of the tusks is for- 
wards, do^nwordsj and very elightiy 

imvords ; the two converging in the 

descent along the ontcr side of the 

comprosaeid symphysis of the lower 

jaw, cc. The tuak is pHiicipally com- 

pofled of a body of compaet unvaficu- 

lar dentine. The base is escarated 

hy a wide conical piilp-cavity, jj, 

with the apex extending to ahont 

ono-half of tho implanted part of the 

tusk, and a linear eontinuatioii extending along tho centre of the aolid port of the 

tuak. 

Until the discovery of the rhynchosaiinis, this edentulous and hora-shrathed eondl* 

tion of the Jaws was supposed to he peculiar to the eheloniau order among reptiles ; and 

it is not one of the least interesting features of the dicsynodonts of the African sand* 
stones, that they should repeat a chelonian character hitherto peeidiar amongst lacertians, 

to the above-cited remarkable esiinct edentnEoua genua of the new red sandstone of Shn^p- 
shire ; but our interest liaea almost to aatoniEhmcntj when in a saurian i^uH we findj 
superadded to the hom-clad mandibles of the tortoise, a pair of tudks, borrowed^ as it 
were, from the mammalian chiss, or rather foreshadowing a strueture which, in the 
eiiating creation, is peenliar to certain members of the highest organiiscd warm- 
blooded animak. 

In the other rcptilia, recent or extinct, which most nearly approaeh the mammal li. 
in the structui^ of thuir teethj the difference ebaractenstic of the inferior end cold* 
blooded cloea is manifested in the shape, and in the system of shedding and sueeessinn 
of ^\^ teeth ; the base of ^e implanted teeth seldom becomes consolidated, never con- 
tracted to a point, as in the fanp of the ain^ple teeth of mammalia, and at all periodf 
of growth one or more genns of teeth ore formed within or near the base of the tooth in 
use, prepared to sueeeetl it^ and progressing towards its displacement* The dentid 
armature of the jawa ia kept in serviceable order by imintemipted change and euece^- 
sion ; but the formmg organ of the individual tooth is soon exhatisted, and the life of 
the tooth itself may he said to he comparatively short 
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If one of the conical, sliarp-pointcd, and two-edged teetli of the Cajigetic crocodile, 
called " garrhid" by tLe Hiiidoofl, be extracted, its base will he found hollow, and 
pai^j absorbed or eaten away, as at a, Fig, 13 ; and \^ithin the cavity will bo Hccn the 
half-formed succeeding tooth, b ; at the haflo of wMcb may prohably be 
found the be^immg or gt^mi, Cy of the iuceessor of that tooth ; all the teeth 
ia the croeodQo tribe being pushed out and replaced in the vertical dir&ttion 
by new t^Gl^ as long aa they live. The indiTidnal teeth inijrL'aao in size as 
the animal gro\\ii ; but the number of teeth remains tJie same firom the 
period when the t^rocodile q^uita the egg to the attainment of its full siiic 
and ago. Ko sooner hai the young tooth penetrated the interior of the old 
one, than another germ btjgLns to be developed from the angle between the 
bast! of the young tooth and tlm inner alveolar process, or in the same 

relative position aa that In whieh 
^*13' _ itd immediate predecessor began 

to rise \ and the proeossoi of buc- 
oe^sion and displaccmeint are car- 
ried on, nnintQrmptedlyT through- 
out the long life of theuc cold- 
blooded camivoroua reptiles , The 
fossil jawe of tbo extinct cToco- 
dtles demonstrate that the aamo law regulated the succesiiion of tHtj teeth at the 
aneietit epochs when they prevailed in greatest uumbons, and under the most Tariod 
Hpeciflic modifications, aa at tho present day, when tboy axe reduced to a single 
family. 

The most complex condition of the dental system in the roptile class is that which 
ia presented by the poisonous serpents, in which certain toeth. are oi^oeiated with tiie 
tube or duct of a poison-bag and glands 

These tocth, ciUed " poison- fangs," aro confioi&d to those bones of the upper ja^ 
called ^^ maxillary," and are usually ^ingle^ or, when more, one only ia connected with, 
tlie poiBon^apparatiis, and the othera arc either aimplo teeth, or preparing to take the 
place of the poison-lang* Fig, 14. 

To give an idea of the structure of thi^ tooth, we may suppose a 
simple alt^nder tooth, like that of a boa-constrictor, to be tJattoned, and 
its edges then bent towards each other and soldered togetiier so a^ to 
form a tube, open at both ends, and inclosing the end of the poiaoU'dm^t, 
Sui;h a tooth is represented at Fig. H, where A is the obliq^ue opening 
penetrated by the duct, and v tin? narro wc^r figure by which the venom 
c^apea. 

Tho duct which, oonv^ys the pobon, althougli it runs through the 
centre of tho tooth, is really on the outside of the tooth. The bending 
of the dentine about it begina a little beyond the base of the tooth, 
where tho poison-duct reats in a slight groove or longitudinal inden- 
tation on the convex aide of the fang ; as it proceeds it sinis doeper 
into tho aub^tance of the tooth, and tho eddea of the groove meet and 
seem to coaloacet so that the trace of the infltietcd fold ceases, in some 
apeciei, to be perceptible to the naked eye ; and the lang appears, as it is jtAnNE-swAi^ 
commonly described, to bo perforated by the duet of tho poLion-gland. tM[ii,TiiflDii)* 
In the viper the lino of union may bo s^n as marked at r, Fig. H ; and whcn^ucbL 
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a tooiih is mrefiilly divided length ^iae^ as in Fig^. 15^ the true pulp-cBTitj in tbe aufc- 
atojojoo of tlie tooth ia ^scon, sia at jj? jp, to termiiLatts ia a point ; mid tlie Fig* 15, 

pDiaon-Ejanal^ qa at ^^^ i-, to nm along tlis forepart of the AixtjmlarlT 
modified tooth, TMs tooth ia aitldered to the nmadliflay bono 
(Fig. 16) J whiL^h rotates ao hs t<) keep the tooth kid flat in the 
month at ordinaiy times, and to erect it wlion the deadly blow is 
about to be fitruek. Tho head of the snake is laiaedT drawn buck^ and 
the fangs, erect, arid exported hy the -^idfily open mouth, are stmck, by 
the forc<3 of the powerful nuigelefl of ilw head and ne ek, into the sur- 
face aimed at, the {loison-baga at the 
same moment are sqtiLezed, and their 
' contents diiveti through ti^e fjanal 
in the tooth into the wound, ^nd 
hero may he noticed the advimtagc of 
having the solid point of tiie tooth 
proioiigfid b£?yond the outlet of the 
poieon tanal and not weakened by its 
eoutiouation to the apex* 

Dental Sjstexa of Manunals. — The elas^ MrnnmitUa^ lik:e 
those of Jiijiiilta and FiM^e.^ includes a fow genera and species that 
aru devoid of teeth ; the true ant-oaters {fuffnfwcrjpltaffa)^ the Bcaly ant-eaUra or pan- 
golins (fjzfTwt^)^ and the spiny manoti^nmtoiua ant-eat it [echidttu), are examples of 
strictly edentulous mammals* The ornithorhynchus has horny teeth, and the whaleg 
[halfE7ia and Mloimpitra) bayc transitory eiubiyome ejileihed teeth, succeeded by 
whalebone anhatltutea in the upper jaw. 

The fernalt> narwhal BE?ema t» he edentidon% but haa the germs of two tuslis in the 
BuhatancQ of the upper jaw-lwnca ; one of tliese heeojues developed into a large and 
eonspicuoua weapon in the m^de narwhal, whence tlie name of ifei geuus, of mofiQchtif 
meaning single tooth. In another eutacean, the f^reat bottle -no^e or byperoodon^ the 
teetli are reduced in the atliJt tti two in numbtr, whence t-hc specific nmno if. bidmitj 
bnt thoy aro confined to the lower jaw. 

The elei>hant has never move thau one entire mohw, or paita of two, in use on eaeh 
side of tbe upiser and iowur jaws ; to which are adddd two tusksj more or le^ doveluped^ 
in the ui>per jaw. 

Semo rodenta, as the Australian water-rats {TJ^dromt/^), huTO two giindeni on cn^ 
Eide osf both jaw.-j ; which, added to iiie four cnittin|r toctb in jfront, make tivelve in all ; 
the oommon number of teeth in this order is twenty, hnt the hares and rnbhita hairo 
tweoEty- eight each. 

Tlie sloth has eigbtocn teeth. The number of teeth, thirty- two^ which charac- 
torkes man, the apes of the old world, and the true ruminants, ia the average one of the 
class mammalia ; but the typical number id forty-foiir. 

The (sxamples of e)Eees8i\'e number of teeth art? prej^ented, in the order Brjita, by the 
priodont oimadilloj which has ninety ~et*ht teeth ; and in the cetaceous order by the 
cachalot J wlilch has npwi^da of aixty teeth, though most of them are eonflned to tho 
lower jaw; by the common porpoi&e, which hoa between eighty and ninety tectb; by 
the Gangetie dolphin^ whk'h has one hundred and twenty tci^th ; and by tha true 
rMphing (ddpkmm)^ whielt have from one lumdred to one himdred and ninety teeth, 
yielding the maximum number in the elass Mammalia. 
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Form. — ^Where the teeth are in excessiye number, as in the species aboye cited, they 
arc small, equal, or sub-equal, and usually of a simple conical form. 

In most other mammalia partieular teeth have special forms £)r special uses : thus, 
the &ont teeth, from being commcmly adatpted to effect the first coarse diyision of the 
food, hare been called cutters or incisors ; and the back teeth, which complete its commi- 
nution, grinders or molars ; large conical teeth situated behind the incisors, and adapted 
by beiag nearer the insertion of the biting muscles to act with greater force, are called 
holders, tearers, laniaries, or more commonly canine teeth, from being well developed 
in the dog and other camivora. 

Molar teeth, which are adapted for mastication, have either tuberculate, or trans- 
versely ridged, or flat summits, and usually are either surrounded by a ridge of enamel, 
or are traversed by similar ridges arranged in various patterns. 

The large molars of the capybara and elephant have the crown cleft into a nume- 
rous series of compressed transverse plates, cemented together side by side. 

The teeth of the mammalia have usually so much more definite and complex a form 
than those of fishes and reptiles, that three parts are recognised in them — ^yia., tiie 
" fang," the " neck," and the " crown." The fang or root {radix) is the inserted part ; 
the crown {corona) the exposed part ; and the constricticm which divides these is called 
the neck {cermx). 

Fixation.— It is peculiar to the class mammalia to have teeth implanted in sockets 
by two or more fangs ; but this can only happen to teeth of limited growth, and generally 
characterizes the molars and premolars ; perpetually growing teeth require the base to 
be kept simple and widely excavated for the persistent pulp. In no mamiferoas animal 
does anchylosis of the tooth with the jaw constitute a normal mode of attachment. 
Each tooth has its particular socket, to which it firmly adheres by the dose co-adapta- 
tion of their opposed surfaces, and by the firm adhesion of the alveolar periosteum to 
the organized cement which invests the Img or fangs of the tooth. 

True teeth implanted in sockets are confined, in the manrmaliim class, to the 
maxillary, premaxiQary, and mandibular, or lower maxillary bones, and form a single 
row in each. They may project only from the premaxillary bones, as in the narwhal, 
or only from the lower maxillary bone, as in ziphius ; or be apparent only in the 
lower maxillary bone, as in the cachalot ; or be limited to the superior and inferior 
maxillaries, and not present in the premaxiUaries, as in the true pecora (cow, sheep), 
and most hruta (sloth, armadillo) of Linnseus. In general, teeth are situated in all the 
bones above-mentioned. In man, where the prcmaxillaries early coalesce with the 
maxillary bones, where the jaws are very short aad the crowns of the teeth ate of 
equal length, there is no vacant space in the dental series of either jaw, and the teeth 
derive some additional fixity by their close apposition and mutual pressure. Xo inferior 
mammal now presents this character ; but its importance, as associated with the peculiar 
attributes of the human organization, has been somewhat diminished by the discovery 
of a like contiguous arrangement of the teeth in the jaws of a few extinct quadrupeds, 
e.g., anoplotherium, nesodon, and dichodon. 

Structurs. — The teeth of the mammalia usually consist of hard unvaaeular 
dentine, defended at the crown by an investment of enamel, and everywhere 
surrounded by a coat of cement. The coronal cement is of extreme tenuity in 
man, quadrumana, and the terrestrial camivora ; it is thicker in the herbivora, 
especially in the complex grinders of the elephant. Vertical folds of enamel and 
cement penetrate the crown of the tooth in the ruminants, and in most rodents 
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and pachyderms, cLflractemlng ty their variolic iottu^ the gcnom of the last t^''0 
Orderg. 

Tht; teeth of the sloths, armadUloSj and sperm- whales havo no true ermmcL The 
tu3lu3 of tkL^ narwijilj wfllniSj cmd elephant consist of inodiJB.cd dentine j whicdi in tby 
last great prohoacatlifln animal is properly called ^^ ivory/* and is eoTcred by cement. 

T1l& foraLin^^dr;^n uf a mammaliun tooth conaists^ as in the lawor classes, of a pulp 
and a capsule. The substance of the pulp is couvortcd into the *^ dL^ntine j*' that of the 
capiiidc into the *' cement." Wheiie enamel i^ to be udded, a peculiar organ u formed 
on th'.^ inner sui'faco of tkc capsule, M^Meh arrttu^ea tlie hardening malcnial into the 
form, and of the den-sity, characteriatic of enamel. Thia auhstanee la ao hard in the 
tooth cif tlie hippopotamus, as to *■ strike §re** lil^e flint with steel. The whole 
forming-organ is called " matrix/* ^ 

The matrLt of eertain teeth does not give rise duiing any period of theix formation 
to the germ of a sm^ond tooth, destined to s^icceed the first ; this tooth, therefore, when 
Ci)mpleted ^id worn down, is not replaced. The spcna whalGB^ dolphins, and porpoises 
are liunted to this simple provision of teeth. In the armadillos and sloths, the want of 
germinative power, as it may be called, in the matrbt is compensated by the paraistenee 
of the matrix, and by the miintemipted gr'owth of the teeth. 

In moat other mammalia, the matrix of the first-developed tooth gives origin to the 
germ of a second tooth, whieh eomctimes diapLaces the first, sometimes takes its place 
by thtJ side of the tooth from which it has originated. All those teeth wliieh arc 
displaced by their progeny are ealle^d tcmporar}*, deddnous, or milk teeth ; the mode 
and direction m which they are disijlaced and sucueeded — viis., fiom abcve downwards 
in the upper, fiom below upwards in the lower jaw : in both jaws vcrticalLy— are the 
same as in the crocodile; but the process h w^er resetted more than Qitee in ffny 
minnmiforous mnm^^L A considerable proportion of the dental aeries is thus changed ; 
the second or permanent teeth having a size and form as suitable to the jawa of the 
adult as the displaced temporary t*?eth were adapted to those of the young animal. 

The permanent teeth, which assume places not proviouidy occupied by deeiduous ones, 

are always the mo^t poBterior in their position, and generally ihc most complex in their form. 

The term " molaa,*' or " true molar,'' is restricted to these teeth ; the teeth bctwcoi 

them and the canines are called " pre- 
Fib* 17- molars :" they puah out the milk-tectli 

that precede them, and arc usually of 
smaller si^e and simpler form than the 
tme moloi a . They are oaUed ' * bieuspids' * 
in human anatomy. 

Thus the class mammalia, in regard 
to the times of fonuation and the suc- 
cession of their teeth, have been divided 
into two groups :— the mm^iphyodonU^* 
or those that generate a single set of 
teeth; and the dipAifod^jits^f or those 
that gtsnerate two sets of teeth. 

I proceed nc xt to notice the principal 
modifications of the teeth, as they arc 
adapted to carnivorous, herbivoroue, or mixed feeding hahifcs in the diphyodont mammalia. 
» fdyost once; ^^tu^ i g^neratD; eSoi/J, tooth. i Si§, twice j p^ and oSovt* 
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The lion may bo taken as the type of the flesh-feeders (Fig. 17). 

The largest and most conspicuous teeth in this and other feline quadrupeds arc the 
" canines," c; they are of great strength, deeply implanted in the jaw, with the fang 
thicker and longer than the enamelled crown : this part is conical, slightly recurved, 
sharp-pointed, convex in front, almost flat on the inner side, and with a sharp edge 
behind. The lower canines pass in front of the upper ones when the mouth is 
closed. 

The incisors, six in number on both jaws, form a transverse row ; the outermost 
above, «, is the largest, resembling a small canine : the intermediate ones have broad 
and thick crowns indented by a transverse cleft. 

The tirst upper premolar, p 2, is rudimcntal : there is no answerable tooth in the 
lower jaw. The second, ^ 3, in both jaws has a strong conical crown supported on 
two fangs. The third upper tooth, p 4, has a cutting or trenchant crown, divided 
into three lobes, the last being the largest, and with a flat inner side, against which the 
cutting tooth, m 1, in the lower jaw works, like a scissor-blade. Behind, and on the 
inner side of the upper tooth, p 4, there is a smaU tubercular tooth, ml. A glance at the 
long and strong, sub-compressed, trenchant, and sharp-pointed canines, suffices to appre- 
ciate their peculiar adaptation to seize, to hold, to pierce and lacerate a struggling prey. 
The jaws are strong, but shorter than in other carnivora, and with a concomitant reduc- 
tion in the number of the teeth : thus the canines are brought nearer to the insertion 
of the very powerful biting muscles (called "temporal" and "masseter"), which work 
them with proportionally greater force. The use of the small pincer-shaped incisor 
teeth is to gnaw the soft, gristly ends of the bones, and to tear and scrape off the ten- 
dinous attachments of the muscles and the periosteum. The compressed trenchant 
blades of the sectorial teeth play vertically upon each others' sides, like the blades of 
scissors, serving to cut and coarsely divide the flesh ; and the form of the joint of the 
lower jaw almost restricts its movement to the vertical direction, up and down. The 
wide and deep zygomatic arches and the high crests of bone upon the skull concur in 
completing the carnivorous physiognomy of this most formidable of the feline tribe. 

The dentition of the hysena assumes those characteristics which adapt it for the pecu- 
liar food and habits of the adult. The main modiflcation is the great size and strength 
of the molars as compared with the canines, and more especially the thick and strong 
conical crowns of the second and third premolars in both jaws, the base of the cone 
being belted by a strong ridge which defends the subjacent gum. This form of tooth 
is especially adapted for gnawing and breaking bones, and the whole cranium has its 
shape modified which work the jaws and teeth in this operation. 

The strength of the hysena's jaw is such that, in attacking a dog, he begins by 
biting off his leg at a single snap. Adapted, however, to obtain its food from the coarser 
parts of animals which are left by the nobler beasts of prey, the hyaena chiefly seeks the 
dead carcass, and bears the same relation to the Hon which the vulture does to the eagle. 
The hyaena cracks, crushes, and devours the bones as well as the softer parts of the ani- 
mals it preys upon. In consequence of the quantity of bones which enter into its food, the 
excrements consist of solid balls of a yellowish- white colour, and of a compact earthy 
fractui-e. Such specimens of the substance, known in the old " Materia Medica " by the 
name of " album grsecum," were discovered by Dr. Bucklandin the celebrated ossiferous 
cavern at Kirkdale. They were recognised at first sight by the keeper of a menagerie, 
to whom they were shown, as resembling both in form and appearance the jGeeces of the 
spotted hyaena ; and, being analyzed by Dr. "Wollaston, were found to be composed of 
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tlie ingTviieiitB tliat migM hc^ expected in fa^efli raatter dcriTed from lione*— yij?., phiJB- 

phatc of lirae^ carhonate of limCj and a TCiy small proportioii of tlit} triple phosphaie nf 

ammania^ find magnesia. I'lua discoTery of the coprolites of the hytena, foraicd, 

Y\^^ xs, perhaps, the strongest of the links in tlmt chain 

of mdcncG ijy whieK Bn BucMand proved that the 

caVB at Kixlcdale, in YorkshiTe^ had been, during a 

long aiiccesaion of years, inliahited as a den hy 

hyajtjas, and that they draggt^d into its recesses 

the other aninial bodies, whose ixjmains, splmttTed, 

and hearing marks of teeth of the hyaena, were 

fonnd misod indiecnminately -with their owa., 

EefoTc <juitting the camiyarona order, the pecn- 
liax deTClopment of the \ipper canincit of tlic morae 
or wfllnis deson^o to be noticed. The ataple food 
of thia large modified seal ia sheB-^^h, erufitaccanSj 
and Bea-weed, ivhich axe poundcjd to a pulp hy 
its small, obtase molar teeth. Tito cauinca (Figf. 
IS), c, csdst only in the nppcr Jaw^, where l^trf 
are imheddf^d in deep and large prominent ^J^oeTccta, 
whence they swuep dcr^'n, slij^htly Incurred, form- 
inj^ large and long t^islL^, which serve as weapons of attack and dofb^ncCj and aa inatm- 
inenL'3 in aid of climhing thc^ floes and 
hnnimDcks of ice, amongst whiuh the 
walms passes its existence. 

In the oi-der of mam;nalia, called 
gna\ver« or rodents, feome of which, 
fi.ff.f the rat, arc mixed feeders, but 
most of tiem herhivorons, tlie canine 
teeth are wanting hi both jawa^ and 
the incisors, reduced to two in nnm* 
her, arc the seat of that excessiTC and 
nmntomipted growth, which makus 
them allied to tuBks. 

These inchiofB (Fig. lS)j t\ arc carved 
the npper pair deseribing a larger part 
of a amaUer circle, the lower ones a smaller part of a lar^r circle, the latter being tfeo 
longest, and usually haying their aoaketa extending from the fore t-o the back paii: of the 
nndcrjaw. The tooth cojiaista of a body of compact dentine, with a plate of enamel laid 
npon iti anterior or convex surface, and the enamel commonly consists of tivo layers, of 
which the anterior and external one is the densest k Thus the substancea of the incisor 
dinnnish in hardness from the front to 1h.c hack part of the tootli* The wear and tear 
irom the recip'ocal action of the upper tmd lower incisors produce, accordingly, an 
oblique surface^ sloping firom a sharp anterior mar^n formed by the denser enamel, 
like that which, in a chisel, elopes from the ^baip edge formed by the plate of hard atcel 
laid on the back of that tool, whence these teeth have been called " chisel- teeth' ^ (dented 
scaipmrti). Tlielr growth never ceases while the animal Uvea, and the implanted part 
retains the form and si^e of the exposed part, and ends l>c*hind in a widely open or hoDow 
booD, which containa a long, conical^ pespHifttent forming pulp. This law of tmlimited 
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growth is unconditioiial, and constant exercise and abrasion are required to maintain 
the normal form and serviceable proportions of the scalpriform teeth of the rodents. 
When, by accident, an opposing incisor is lost, or when, by the distorted union of a 
broken jaw, the lower incisors no longer meet the upper ones, as sometimes happens to 
a wounded hare or rabbit, the incisors continue to grow until they project, like the tusks 
of the elephant, and the extremities, in the- poor animal's attempts to acquire food, also 
become pointed liJlB» tasks. PoIItnriag the euvre prescribed to their growth by the form 
of their aodbst^ tiueir ycisflft. aSsexL letuaai agnoift soste part of tiie head, arc passed 
thiou^ the akStk^ came- afeiorption dt tixe liooe, sad pctiiafe ftgam enter the mouth, 
rendering mastleation im|iraetical>le, and csosing deatii hj starvtttian. In the Museum 
of the College of Sorgeoms there is a lower jaw of a beaver, in whieh the scalpriform 
incisor has, by unchecked growth, described a complete circle ', the point has pierced 
the massetcr muscle, entered the back of the mouth, and terminated close to the bottom 
of the socket containing its own hollow root. 

The difference m the diet of the rodent quadrupeds has been alluded to ; there is a 
con-esponding dilfex^iee in the mode of implaatation of their molar teeth. Those which 
subsist on mixed food^ and which, HEie the rots, betray a tendency to carnivorous habits, 
or which subsist, like squirrels, on the softer and more nutritious vegetable substances, 
as the kernels of nuts, suffer less rapid abrasion of the grinding teeth ; a less depth of 
crown is, therefore, needed to perform the office of mastication during the brief period 
of life allotted to these active little mammals ; and, as the economy of nature is mani- 
fested in the smallest particulars as well as in her grandest operations, no more dental 
substance is developed after the crown is formed than is requisite for the firm fixation 
of the tooth in the jaw. 

The rodents that exclusively subsist on vegetable substances, especially of the 
coarser and leSB nutritious kinds, as herbage, foliage, and the bark and wood of trees, 
wear away more rapidly the grinding surface of the molar teeth ; the crowns are, 
therefore, larger, and their growth conthiues by a reproduction of the formative matrix 
at their base in proportion as its calcified constituents, forming the working part of the 
tooth, are wOTn away. So long as this reproductive force is active, the molar tooth is 
implanted, like the incisor, by a long, undivided continuation of the crown. These 
rootless and perpetually growing molars are always more or less curved, for they 
derive from this form the same advantage as the incisors, in the relief of the delicate 
tissues of the active vascular matrix from the effects of the pressure which would 
otherwise have been transmitted more directly from the grinding surface ; the capybara, 
and the Patagonian hare {Boliehotis), afford good examples of this more complex con- 
dition of the grinding teeth. 

The variety in the pattern of the folds of enamel that penetrate the substance of the 
tooth, and add to its triturating power, is almost endless ; but the folds have always 
a tendency to a transverse direction across the crown of the tooth in the rodents. This 
directicm relates to the shape of the joint of the lower jaw, which almost restricts it to 
horizontal movements to and fro, during the act of mastication. In the true hoofed 
herbivorous animals, in which the joint of the lower jaw allows a free rotatory move- 
ment, the folds of enamel take other forms and directions, with modifications, constant 
in each genus, and characteristic of such. 

The horse is here selected as an example of such herbivorous dentition (Fig. 20). 
The grinding teeth arc six in number, on each side of both ujjper and lower jaws, with 
thick square crowns of great length, and deeply implanted in the sockets, those of liie 
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Upper jaw h^ing Hlightly curved, Wten the summits or exiioaed ends of these teeth 
begin to he worn down hj masttcotioti, the interhlDnded {>nmnel, dantinc^i and cement 
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show the pattern fi^ired in Cut 20; it ia peiijitratcd from witlilnhy a volley, enterfttg 
obKqiLcly from huhind forwards, and dividing iuto or croiised by the two crcaccntic 
raUeya, whieh soon become insulated. There is a large loho at the end of the 
valley* The outer surface of the erown is imprcBsed by two deep lonp^itudinol 
channels. In the lower jaw the tcL^th are naiTOwer transversely than in the upper jaw, 
and are divided externally into two cod vex lobesT by a median lon^tTidinal dssurtj ; 
intertmlly i^icy prcstuit three principal unequal convex ridges, end an anterior and pos- 
ti-Tior narrower iidge» All the valleys, fbsiireaj and folds in both upper and lower 
grinderjs aro lined by onamel, which also eoata the whole exterior surface of the crown* 
Of the eeries of six teeth in each jaw, the first three, p 2, 3, 4, are premolars, the rest, 
ttt 1, 2, 3, are true molars* 

The caninea are fimall in the horse, and are mdimental in the ntare ; the unworn 
CTOWQ is remarkable for the folding in of the anterior and posterior mjirgins of eniimeh 
The upper eanlne \b situated In the middle of the long interspace between the incisors 
and molars ; the lower canine i& close to the outer incisor, but is distinguished by ita 
more pointed form. Tbe ineisors aie ai^ in number in both jaws ; they are arran^d 
closet together in a eurve, at the end of the jaw ; the cro^-n is broad, and the contour 
of the biting surface, before it ia much worn, approaches an eUips?, The incisors of 
the hoi^e are distiuguished fi'om those of mm in ants by theii- greater len^h and cur- 
taturc, and from those of all other animak by the fold of enamel (Fig. 3), a, which 
penetrfltea th<? crown from its fJat summit^ like tho inverted finder of a |Eflove, When 
th^ tooth begins to he worn, the fold becomes an island of enamel, inclosing « cjivity 
partly filled by cement, and partly by the substances of the food, and is called the 
*^ mark,'* In aged horses the incisors are worn down below the extent of the fold, and 
the ^* mark** diesapp^are* This cavity is usually obliterated in thi^ fk-at or mid incisors 
at the sixth ye^, in the second incisors at the seventh year, and in the third or out^ 
ipirt^nfs at the mghth year, in the lower jaw. The mark remains somewhat longer in 
*mti of the upper jaw* 
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The following is the average course of deyclopment and succession of the teeth in the 
horse {Equus caballus) : — The summits of the first functional deciduous molar, d 2, " first 
grinder " of veterinary authors, are usually apparent at birth ; the succeeding grinder, 
d 3, sometimes arises a day or two later, sometimes together with the first. Their 
appearance is speedily followed by that of the first deciduous incisor — " centre nipper " 
of veterinarians— which usually cuts the gum between the third and sixth days. The 
second deciduous incisor appears between the twentieth and fortieth days, and about 
this time the rudimental grinder, p 1, comes into place, and the last deciduous molar, 
d 4, begins to cut the gum ; about the sixth month the inferior lateral, or third incisors, 
with the deciduous canine, make their appearance. The minute canine is shed about 
the time that the contiguous incisor is in place, and is not retained beyond the first 
year. The upper deciduous canine is shed in the course of the second year. The first 
true molar, m 1, appears between the eleventh and thirteenth months. The second 
molar follows before the twentieth month. The first functional premolar, p 2, displaces 
the deciduous molar, d 2, at from two years to two years and a half old. The first 
permanent incisor protrudes from the gum at between two years and a half and three 
years. At the same period, the penultimate premolar, p 3, pushes out the penultimate 
milk molar, d 3, and the penultimate true molar comes into place. The last premolai- 
displaces the last deciduous molar at between three years and a half and four years ; 
^ the appearance above the gum of the last 

true molar, w 3, is usually somewhat earlier. 
The second incisor pushes out its deciduous 
predecessor about the same period. The 
permanent canine, or "tusk," next follows ; 
its appearance indicates the age of four 
years, but it sometimes comes earlier. The 
third, or outer incisor, pushes out the 
deciduous incisor about the fifth year, but 
is seldom in full place before the horse is 
five and a half years old. Upon the rising 
of the third permanent incisor, or " comer 
nipper" of the veterinarians, the "colt" 
becomes a " horse," and the " fiUy," a 
"mare," in the language of the horse- 
dealer. After the disappearance of the 
" mark " in the incisors, at the eighth or 
ninth year the horse becomes " aged." 

The most complex condition of teeth 
adapted to a vegetable diet is that presented 
by the elephant. The dentition of the 
genus Elephas includes two long tusks 
(Fig. 21), one in each of the intermaxillary 
bones, and large and complex molars (i^.), 
m 3, 4, and 5, in both jaws ; of the latter 
there is never more than one wholly, or 
two partially, in place and use on each 
side at any given time, for the series is 
continually in progress of formation and destruction, of shedding and replacement ; 
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and ull the gimderB auooeed cme another, like true molar^ homoiitaliy, £rom beliind 

forward* 

2 2 7— 7 

Tto total number of teetli dt^veloped in the depliimt appt^ors to bf? i- — r, w^ — ^=32, 

tbe two large penuanent incieora Tieing preceded "by two atnall detiduouB onc&, mid tlip 
munbET of mciJiiT tooth whic;]! follow one RXLoHhtyr tm cncli aid^ of Ijoth jaws boing soven, 
or at least six, of wbicli the last throi^ maj^ by ami.lo|»)', be regarded as ans^rormg to 
the true molnra of other paohy dorms. 

The inciHOi"E not only surpass other teeth in sixe^ aa belonging to n qttttdiiiped 
.90 enormous, but tbey are the larj^ost of all t^etli in proportion to the siise of the body, 
iKpreaenting, in a natural state, those manstroua tusts of tie rodents, ^hatdi are the 
rt'Bult of aceid'Zntfll suppression of tbe wcarinp foree of tbe opposito toctb. 

The tiialcs of the elephant consist eliiefty of that modification of dentine 
that is tialiL'^d "ivorj'/' and whkh shows, on transverse fractures or acetiouft, sb-iEp 
proeeeding in the arc of a ciride irom tbe centre to the circitmf crenel, in opposite 
direotionSt ^ind formini^ by their deeussations^ cur%41inear lozenges. Tfaas ehamcter 
is peculiar to the tuiks of the proboscidian pachyderms. 

In the Indian elq>baDt the tnskA nre always short and straight in the female, 
and less deeply imijlauted than in the male \ she thuii retaining^ as usnol, more 
of the elmraetei^ of the immature state* In the male they have been known 
to floqnire a length of nine feet, -with a basal diameter of eight ineht^, and to 
weigh one hundred and flfrf pounds - but these dimonsien^ are rare in the 
Auiatie spedes, 

A mammoth's tusk has been dredged up off Dimgeness which measured eleycn feet 
in length.* In fifcvend of the instances of mammoth's tusks from Britisli etrata, the 
ivory has been so little altered as to he fit for the purpoaes of maniif actiire ; and the 
tuska of the mammoth, which are »till better presor\-ed in the frozen drift of Siberia, 
haTe long been collected in great numbers as artides of commiTfe. In the aet-ount of 
tbo mammoth's bones and teeth of Siberia, pnblislied in the " Philosophical Transac- 
tions '* for 1737, No, 446, tuslce arc cited which weighed two hundred pi:puiidfl eaebf 
and ** are used as ivory, to make combs, boxci^, and such oiflier thin^jSj being bnt little 
more brittle, and easily turning yellow by weather and heat/* From that time to tho 
present there has lieen no irLtemiission in the supply of iTOiTr, fiimiahed by the tuaka of 
the eictiiiet elephants nf a former world. 

The musket-halls and other fbroign bodies wJiich are (iQcaraonally found in iTOiy, 
are immediately surronnded by osteo-dentine in greater or loaa quantity. It has often 
been a matter of w<mdeir how sueh bodies ahoidd become rompletely imbedded in the 
substance of the tusk, sometimes without any vbible apertorei or how leaden bulletf 
may have become lodged in the solid centre of a very large tusk without having b^en 
flattened. The explanation is as follows :— a musket ball, aimed at the head of an ele- 
phant, may penetrate the thin bony socket and the thimier ivory parictcs of the wida 
eonical pnlp-cavity occupying the inserted base of the tusk ; if the projectile force ba 
there spent, tJie hall will gravitate to the opposite and lower aide of the pnlp-CBvity, ai 
indicated in Fig, 21* The presenec of tlic foreign body exciting inficiminatiiBii «f the 
pulp, an iiTpgular course of calcification ensucsj which results iu the deposition aroniid 
the ball of a lijcrtain thiekncES of osteo-dentine. The pulp then resuming its healthy 
state and fnnctionsj coata the surface of the osteo-dentine indosing the hdl, togethor 
• Owen*i *' Hlptory c>f BHSish TnssillWrtirniiilfn." Pro, IBH, t* 2U. 
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with the rest of the conical cavity into ^duch that mass projects, with layers of 
normal ivory. 

The portions of Ihe cement-forming capsule surrounding the hase of the tusk, and 
the part of the pulp, which were perforated by the hall in its passage, are soon replaced 
by the active reparative power of these highly vascular bodies. The hole formed by 
the ball in the base of the tusk is then more or less completely filled up by a ifliick coat 
of cement from without, and of osteo-denctiite from within. 

By the continued progress of growth, the ^ball so inclosed is carried ^xwsadSf in the 
course indicated by the arrow in Fig. 21, to 'the middle of the solidified exserted part 
of the tui^. Should the ball have penetrated ^ hase of the tu'sk of a yomtg -dfi^Siant, 
it may be carried forwards by the uninterropted growth and wear of the tualc, imtil 
that base has become the apex, and be finally exposed and discharged by Hhe oontiaual 
abrasion to whi<^ the apex of the tusk is subjected. 

I had the ta& joid pulp of the greet el^hant at the Zoological Gftrdow longitudi- 
nally divided, sooa. after the death of that animal in the summer of 1847. Al&oogh 
the pulp could he easily detached from the izmer surface of the pulp-cavity, it was not 
without a certain roEistance ; and when the edges of the co-adapted pulp sad tooth were 
examined by a «tnmg lens, the filamentary processes from the outer surface of the pulp 
could be seen steeteiing as they were withdrawn from the dentinal tubes before they 
broke. They «3» so minute that, to the naked eye, the detached sax&ae Gi the pulp 
seems to be ezitise, and Cuvier was thus deceived in concluding that l3iere was no 
organic connection between the pulp and the ivory. 

The molar teeth of the elephant are remarkable for their great size, cvctl in relation 
to the bulk of the animal, and for the extrwne complexity of their structure. The 
crown, of which a great proportion is buried in the socket, and very little more than the 
grinding surface appears above the gum, is deeply divided into a nimiber of transverse 
perpendicular plates, consisting each of a body of dentine, coated by a layer of enamel, 
Cf and this again by the less draise bone-like substance, c, which fills the interspaces of 
the enamelled plates, and here more especially merits the name of " cement," since it 
binds together the several divisions of the crown before they are fully formed and united 
by the confluence of their bases into a common body of dentine. As the growth of each 
plate begins at the summit, they remain detached, and li^e so many separate teeth or 
denticules, imtil their base is completed, when it becomes blended with the bases of 
contiguous plates to form the common body of the crown of the complex tooth, from 
which the roots are next developed. 

The plates of the molar teeth of the Siberian mammoth {Elephas pnmigenius), (Fig. 
22), are thinner in proportion to their breadth, and are generally a little expanded at 
the middle : aaad they are more numerous in proportion to the size of the crown than in 
the existing species of Asiatic elephant {ib.) In the African elephant (td.), on the other 
hand, the lamellar divisions of the crown are fewer and thicker, and they expand more 
imiformly from Idie margins to the centre, yielding a lozenge-form when cut or worn 
transversely, as in mastication. 

The formation of each grinder begins with the summits of the anterior plate, and 
the rest are completed in succession ; the tooth is gradually advanced in position as its 
growth proceeds ; and in the existing Indian elephant the anterior plates are brought 
into use before the posterior ones are formed. "When the complex molar cuts the 
gum, the cement is first'rubbed oflT the digital summits ; then their enamel cap is yrwnx 
away, and the central dentine comes into play with a prominent enamel ring ; the 




dJadiyg fctec li fnhmiited. Whrn tV wfinlr nmrnt nf a ipinflfrliwiBfir^BMiiTi ljjuji 

lifniler ptrt Whm Urn ennfkx fliotir Ni hifta tidtt wmm dmm to ah ipui^tni «ar- 
£ic<», (t hmnaam wmkm m mh imtiuuMJUit §m f^in^iif llie oonw Yegetahk jnlmteiicei 
tm wMi^ t3»» riepluHit tubiiiti ; it ii M^c^ed hf Urn sbwirbeat actkci^ and die waited 
povtion of litf Bolir k &iil]r ilied. 

Tha frindliig tetlli qf f3ic cltfhant ft c ig raaf d y intyi^ie m ms^ rod m Ihe nMber of 
linaitTter diyyioia froindie firat to t3ie laat; flieyRicct«dcseh<il2ier&cnii1ie]uiidfi]rwndiY 
m^inUt t^ ^ ft right Iin^, Iml in the xm of » dm^e, ibown bj- the ctErr^ line m Fi^. 
21. Thi^ inmiioti nf the grcrwitii? tooth in thc! clcncd olT^lrtf, in, 5, is almo^ at right 
ingktt with that in um\ thi' f^nndmg stirlkiL'e beinj^ at flf«t directed hackwarda in the 
nppflr jftw, tnd fijr ward* in the lawcr jaw, and brought hy the revolyitig mmwe into a 
hoHsMHital Utw in >»otli jnwi^ jw that they oppose each other when d^reloped for nse. 
The itnagiTuny pi rot ofi whiiuh the grinders revolve is next their root In the upper jaw, 
nnd Li ne%i the grinfliOji fttrfoee in the lower jaw ; in both, towards the fiiontal ani&co 
(if tUu %k%i[L Yic-wing hoth tifrpct and lorwcr molars as one coroplex whole^ anhjcet to 
tlu^ trnme ri^vplving mtrvenient, the iiectinn dtvidinji^ mich whole into tipper and low^ 
IHtriitm nina panillel l^ the eiitfe deteribcd Iry the moremeiit — the iipper being the 
^e^ntrtd |Kii-tifnjj m thM n(?<irc*t the pivot; the lower, the peripheral portioiL The grind* 
ing iiurfne^ of the upper tudlan i& eonBeqnentlj convex fitim behind forwardA, and that 
ttt the lower molan concuve ; Uie upper inolart are aJwaji broader than the lower one*» 
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The bony plate forming the sockets of the growing teeth is more than usoally 
distinct &om the body of the maxillary, and participates in this reyolving course, 
advancing forwards, with the teeth. 

Succession.'^As the rate of increase, both of size and in the number of the. com- 
ponent plates of the grinding tooth, is nearly identical in both jaws, it will suffice to 
briefly describe the teeth and the periods at which they successiyely appear, in the 
lower jaw of the Asiatic elephant. 

The Jirst molar, which cuts the gum in the course of the second wedJrafter birth, 
has a sub-compressed crown, nine lines in antero-posterior diameter, divided by three 
transverse clefts into four plates, the third being the broadest, and the tooth here 
measuring six lines across ; the base slightly contracts, and forms a neck as long as the 
enamelled crown, but of less breadth, and this divides into an anterior and posterior, 
long, 9ub-cylindrical, diverging, but mutually incurved fangs ; the total length of this 
tooth is one inch and a half. The corresponding upper molar cuts the gum a little 
earlier than the lower one : . the neck of this tooth is shorter, and the two fangs arc 
shorter, larger, and more compressed than those of the lower first molar. The first- 
molar of the elephant is the homologue of the probably deciduous molar (Fig. 25), 
d2,m othjer ungulates ; it is not a mere miniature of the great molars of the mature 
animal, but retains, agreeably with the period of life at which it is developed,. a 
character much more nearly approaching . that of the ordinary pachydermal. molar, 
manifesting the adherence to the more general typo by the minor complexity of the 
crown, and by the form and relative size of the fangs. In the transverse divisions of 
the crown we perceive the affinity to the tapiroid type, the different links. connecting 
which with the typical elephants are supplied by the extinct lophiodons, dinotheriums, 
and mastodons. The subdivision of the summits of the primary plates recalls the 
character of the molars, especially the smaller ones, of the phacochere in the hog tribe. 
As the elephant advances in age the molars rapidly acquire their more special and 
complex character. 

The first molars ai*o completely in place and in fiill use at three months, and are 
shed when the elephant is about two years old. 

The sudden increase and rapid development of the second molar may account for 
the non-existence of any vertical successor, or " premolar," to the former tooth, in the 
elephant. The eight or nine plates of the crown are formed in the closed alveolus, 
behind the first molar by the time this cuts the gum, and they are united with the body 
of the tooth, and most of them in use, when the first molar is shed. The average 
length of the second molai* is two inches and a half, ranging from two inches to 
two inches and nine Hncs. The greatest breadth, which is behind the middle of the 
tooth, is from one inch to one inch three lines. There are two roots ; the cavity of 
the small anterior one expands in the crown, and is continued into that of the three 
anterior plates. The thicker root supports the rest of the tooth. The second molar 
is worn out and shed before the beginning of the sixth year. 

The third molar has the crown divided into from eleven to thirteen plates ; it 
averages four inches in length, and two inches in breadth, and has a small anterior, 
and a very large posterior root ; it begins to appear above the gum about the end of the 
second year, is in its most complete state and extensive use during the fifth year, and 
is worn out and shed in the ninth year. The last remnant of the third molar is shown 
at m 3 (Fig. 21). It is probable that the three preceding teeth are analogous to the 
deciduous molars, d2,dS, and d 4, in the hog (Fig. 25). 
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Tliti fourih vm/ftr presc^nts a marked BUjKTlonty of bizc over tliB tliird, and a eoiuc- 
vhat clili^enmt lomi; tLo antcri&r angle k more oldiqu&ly abraded, giving a pentagonal 
dgurp to the tooth in the upper jaw (Fig. 21), m 4. The number of plates in the erfwn 
of this tooth is iiflgcn or aiJrt&eHi its len^ik between Bov^n and eight ineh<?«, it* breadth 
three inehiNS. It ha^ an anterior simple and slender root flupportiAg the threo iirst 
plates, a second of larger sisse and hifid, snpportiniG: the fDUi* nvxt plates, and a litrj^e 
f ontratting ha&e for the remainder. The fore-part of the giimling Burfuce of this tooth 
begins to protrtide through the ^m at the sixth yeai" ; the tooth is worn awaj, and its 
last remnant Rhed^ ahont the twentieth or ti^^cnty-M th year. It may be regarded as the 
hfjmologue of the first tme molnr of ordinary paehyderms {Tig. 25), wi 1. 

The ^ffh nmhr^ with a crown of from aevontoen to twenty plates, jneaft^trti^ 
between nine and ten ini-hcs In lengthy and ahoiit three inches aud a half in breadth. 
The second root is more diatinutly s-epiiratL'd from the firifit aimplo root than ^m thi' 
larf^i' masa hthiud. It he/^ns to appear above the pr^m about the tft^entieth yeai' ; its 
duration has not been aaeertained hy obser^'atiou^ but it pi-obably is not abed before 
the sbrtieth year. 

The 4irjiih maltfr is the hist, and has from twenty- two to twenty -sey en plates; 
ita length, or antei'o-pOBtf rior t^xtent, following the etirvattire, m ftom twolye to 
iifti>cii inithet^; the breadth of the grinding surfu^o rarely osecedg three inches and 
a half. One may reasonuhly conjectTiTO that the sixth uiolar of the Indinii elephant, if it 
mrike its appparanee about tho fiftieth year, wouldj irom it^ Esupcrior dt'pth and length, 
r^oatinue to do the wtsrk of mastieation until the pondcTona paehydena bad paeaod the 
oontuiy of ita esiatenee, 

n^velopmeSLt. — The long-mistaken phenomena of the formation of tho dental 
Bubstanees will be hero dcseriliod as they have been obsen-e<l in the largo tooth of the 
dophaiLt ; if the description be LOmprcbendtil in rtgard to theac, tUe most complex, 
members of the dental syatem, the true theory of dental development will be readily 
iinderatood in regard to all the vavLoiis forms and gradations of teeth. Tlie matrix, or 
formative organ of tho tnak, conaiats of a largo ooniea] pulp, wblL'h ia renewed q^uickor 
than it is converted, and thus is not only preserved, but growSj up to a certaijt period 
of the onimal's Efi^ ; it ia lodged in tlie cavity at the base of the titsk ; thij base U 
aaiTounded hy the reniaiui? of the capside, a ftoft vascular membrane of mo<lerate thiek- 
lisag, which u eoniiucnt with the border (jf Oic liase of the p^ilp, where it reoeiyefi its 
principal veaaals^ 

Fkieh molar of the elephant ia formed in the interior c>f a mcmbranotiA eae — ^e 
eap&idet the form of whidi partakes of that of the future tooth, heiog cubical in the first 
mokr, oblong in the last, and rhoinboidal in most of tho intcrmediato teeth ; but 
always decTeaaing in vertical extent towards it? ptosterior end, and closed at all p^uta^ 
aave where it ib penetrated by vesaela and nenes. It is lodged in an osseous cavity of 
the same form as itself^ and iiaually iu piirt auspendLd freely in the niasilhiry bone, the 
bony case being destined to form part of the soekct of the tooth. Tlie exterior of the 
membranous capsule is simple and vaseular, aa sho^\■Tl at m f>, Fl^^ 2! ; its internal 
fli£r£aoe givcfi attachment to numerous folda or proccaae?, as in meet oth<^r ungulate 
unimiils. 

The dentinal pulp risegi from the bottom of the capsule, or that part which lines the 
dcepoat part of the alveolus^ iu the form of ti^anaverse paraUei plates extending towards 
tbat part of tho tiapsule ready to escape fiiom the sociiit. Tbcae plates adhere only to 
the bottom of the capsule ; their opposite extremity is free from all adhesion. Tliis 
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summit is thinner than the base ; it might be termed the edge of the plate ; but it is 
notched, or divided into many digital processes. The tissue of these digitated plates is 
identical with that of the dentinal pulp of simple Mammalian teeth ; it becomes also 
highly vascular at the parts where the formation of the dentine is in active progress. 

Processes of the capsule descend from its summit into the interspaces of the dentinal 
pu^plates, and consequentiy resemble them iu form ; but they adhere not only by 
their base to the surface of the capsule next the mouth, but also by their lateral margins 
to the sides of the capsule, and thus resemble partition- walls, confining each plate of 
the dentinal pulp to its proper chamber; the margin of the partition opposite its. 
attached base is free in the interspace of the origins of the dentinal pulp-plates. 

The enamel organ, which Cuvier appears to have recognised under the name of the 
internal layer of the capsule, is distinguishable by its light blue sub-transparent colour ' 
and usual microscopic texture, adhering to the free surface of the partitions formed by 
the true inner layer of the capsule. Although the enamel-pulp be in close contact with 
the dentinal pulp prior to the commencement of the formation of the tooth, one may 
readily conceive a vacuity between them, which is continued uninterruptedly, in many 
foldings, between all the gelatinous plates of the dentinal pulp, and the partitions 
formed by the combiaed enamel-pulp and the folds of the capsule. According to iJie 
excretion view, this delicate apparatus must have been immediately subjected to the 
violence of being compressed in the unyielding bony box, by the deposition of the 
dense matters of the tooth in the hypothetical vacuity between the enamel and dentinal 
pulps ; a process of absorption must have been conceived to be set on foot immediately 
that tly) altered condition of the gelatinous secreting organs took place ; and, according 
to Cuvier*s hyjwthesis, the secreting function must be supposed to have proceeded, 
without any irregularity or interruption, while the process of absorption was supeiin- 
duced in the same part to relieve it from the effects of pressure produced by its own 
secretion. 

The formation of the dentine commences immediately beneath the immbrana propiHa 
of the pulp ; a part which Cuvier distinctiy recognised, and which he accurately ti'aced 
as preserving its relative situation between the dentine and enamel throughout the 
whole formation of the dentine, and discernible in the completed tooth ^^ as a very jfine 
grayish line, which separates the enamel from the internal substance " or dentine. 

The calcification and conversion of the cells of the dentinal pulp commence as usual 
at the peripheral parts of the lamelliform processes furthest from the attached base. It 
may readily be conceived, therefore, that, at the commencement, there is formed a 
little cap upon each of the processes into which the edges of the pulp-plates are divided. 
As the centripetal calcification proceeds the caps are converted into horn-shaped cones. 
When it has reached the bottom of the notches of the edge of the pulp-plate all the 
cones become united together into a single transverse plate ; and, the process of con- 
version having reached the base of the pulp-plate, these plates coalesce to form a common 
base to the crown of the tooth, which would then present the same eminences and 
notches that characterized the gelatinous pulp, if^ during the period of conversion, 
other substances had not been formed upon the surface and in the interspaces of the 
pulp-plates. 

Coincident, however, with the formation of the dentine, is the deposition of the 
hardening salts of the enamel in the extremely slender prismatic ceUs, which are for the 
most part vertical to the plane of the inner via&ncQ of tiie folds of the capsule to which 
they are attached. The true inner part of the capsule forms those thick tranavezse folds or 
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pfU'titioni wlikli support ihv: cnampl organ, and. with it fill the mturE^pact's o£ the dentinal 
pulps. WitJi regard to tUc foraiation. of the cciwent, Cuvicr, after muting the opijiiou of 
Tenon — that it wa^ the rc^siilt of oftsiflcation of the mternal Inj^er of the capsule, aud 
that of Blake— that it wad a depoaitioii from the opposite surikec of the eapsule to that 
which had deposited the enamel, states liia own. oonyiction to be that the eement h 
prodnecd by the same layer and by the .■^omo surface as that which haa pix>d\ioed the 
enameL Tho proof alleged ia, that S4> long aa any spacG remains between the eeraent 
and the external capsule, diat apaee ig found to contain a soft internal layer of the 
eiipaulo with a frco tiiu^faee nest the cement. The phenomena could not, in fact, be 
otherwise e:Kplained according to the " excretion theory " of dental duTclopmcnt. To 
the ohviou3 objection that the same part ia made, in this explanation, to secrete two 
diiferent products, Cuvior replies, that it Ttndergoca a change of tissue : " Whilst it 
yielded enamel only it was thin and transparent; to girc cement it becomes thitjk, 
spongy, and of a reddish <!olour/' The external tjharactors of the enamel organ and 
cement- forming capsule are oon'eetJy defined; only, the one, instead of being converted 
into tho other, ia in fact changed into its supposed tranaudation ; the enMUcl fibres 
bifing formed, and properly disposed in the direction in which their ehicf strength js to 
lie, by the assimilative properties of the pre-arranged elongated prisma tic non-nudeatcd 
cells, which tate fium the aurrounding plasma the required aalt^, and compact them in 
their interior* 

Whilst thia process is on foot, and before the enamti fibres are firm in their poaition» 
the capjjule begina to undergo that cliange which reaulta in the formation of the tbicik 
eement ; the calcifying procesis comineucca from several points, and proceeds ccntrifd- 
gally, radiating thert^frein, and differing from tho ossification of hone chiefly in the 
number of tiiese centres, which, though close to the new-formed enamel, arc in the 
substance of the inner vascular ."^iivfaee of the capsular folds. The cells arrange them* 
selvca in eoncentric layers around the vcascla, and act like those of the enamel pnlp in 
receiving into their interior tlic^ hone -salts in a clear and compact state. During thiH 
proceas they become confluent ^ith each other, their primitive distinctness being 
indicated only by their persistent granular nuclei, which now form the radiated 
Purkingian cajisulea. The iuterspaces of the ooneentrie series of confluent cells become 
filled with the calcareous salts in a rather more opaq^uc atate, and the conversion of the 
capsule into cement goeii on, according to the processes more pai'ticularly described in 
the Introduction to my ^* Odontography^^' until a continuous stratum ia formed in ck^o 
connection with the layer of enamel. 

Calcification extending from tho mmiemus centres, the different portions ooalesc^J^ 
and pTOgrc^ivcly add to tho thickness of tlio cement, until all the interspaces of the 
coronal plates and the whole exterior of tho crown are covered ivith the honc-Iike 
substance. The enamd-pulp ceases to be developt^d at the base of the crown, but the 
capsule eontinncs to be fomied pnri p&mtt with the partial fornmtion of the pnlp, asthii 
continues, progreasively contracting, from the base of tho crown, to furm, by its calci- 
fication, the roots. The calcification of the capsule going on at tho name time, a layer 
of cement is formed in itrinit^ate eonneetion with the dentine- Tlie circtimBcrihcd 
spaece at the bottom of the socket to which the capsule and dentinal pulp adhere, 
whera dijey reeeiTC their veaaolu and nerves, and wliic^h are tho seat of the prugressive 
formation of these respective moulds of the two dental tissues, h^-comc gradually 
contracted, and subdivided by the further localization of tho reproductive forces to 
partieulftr ipota, vlience the subdivision of the base into root^i. The ^urniunding bone 
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undergoes corresponding modifications^ growing and filling up the interspaces left by 
the dividing and contracting points of attachment of the residuary matrix. All is 
subordinated to one harmonious law of growth by vascular action and cell-forma- 
tion, and of molecular decrement by absorption. Mechanical squeezing, or drawing 
out, has no share in these changes of the pulp or capsule ; pressure at most exer- 
cises only a gentle stimulus to the vital processes. Cuvier believed that there were 
places where the dentinal pulp and the capsule were separate from each other. I have 
never found siich, except where the eniamel-pulp was interposedbetween them in the crown 
of the tooth, or where both pulp and capsule adhered to the periosteum of the socket, 
below the crown. Cuvier aflSrms that the number of fangs of an elephant's molar 
depends upon the number of points at which the base of the gelatinous (dentinal) pulp 
is attached to the bottom of the capsule ; and that the interspaces of these attachments 
constitute the imder part of the crown or body of the tooth, this attachments themselves 
forming the first beginnings of the fangs. True to his hypothesis of the formation of 
the dental tissues by excretion, he says that the elongation of the fangs is produced by 
tv^'O circumstances : first, the progressive elongation of the layers of osseous substance 
(dentine) which force the tooth to rise and emerge from its socket ; secondly, the thicken- 
ing of the body of the tooth by the addition of successive layers to its inner surface, 
which, fiUiiig up the interior cavity, leaves scarcely room for the gelatinous pulp, and 
forces it down into the interior of the roots. 

This pulling up of the fang on the one hand, and squeezing down the pulp on the 
other, are forces too gross and mechanical to be admitted in actual physiology to explain 
the growth of the root of a tooth or of any other organized product ; such modes of 
explanation were, however, inevitable in adopting the "excretion theory" of dental 
development. 

There are few examples of organs that manifest a more striking adaptation of a 
highly complex and beautiful structure to the exigencies of the animal endowed with it, 
than the grinding teeth of the elephant. "We perceive, for example, that the jaw is not 
encumbered with the whole weight of the massive tooth at once, but that it is formed 
by degrees as it is required ; the division of the crown into a number of successive 
plates, and the subdivision of these into cylindrical processes, presenting the conditions 
most favourable to progressive formation. But a more important advantage is gained 
by this subdivision of the tooth ; each part is formed like a perfect simple tooth, having 
a body of dentine, a coat of enamel, and an outer investment of cement. A single digital 
process may be compared to the simple canine of a carnivore ; a transverse row of these, 
therefore, when the work of mastication has commenced, presents, by virtue of the dif- 
ferent densities of their constituent substances, a series of cylindrical ridges of enamel, 
with as many depressions of dentine, and deeper external valleys of cement ; the more 
advanced and more abraded part of the crown is traversed by the transverse ridges of 
the enamel inclosing the depressed surface of the dentine, and separated by the deeper 
channels of cement : the fore part of the tooth exhibits its least efficient condition for 
mastication, the inequalities of the grinding suif ace being reduced, in proportion as the 
enamel and cement have been worn away. This part of the tooth is, however, still 
fitted for the first coarse crushing of tiic branches of a tree : the transverse enamel 
ridges of the succeeding part of the tooth divide it into smaller fragments, and the 
posterior islands and tubercles of enamel poimd it to the pulp fit for deglutition. 

The structure and progressive development of the tooth not only give to the ele- 
phant's grinder the advantage of the uneven surface which adapts the millstone for its 
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office, liut, at tke same time, secure tlic constant proecnt'e of t!io most eflicieut arra»gc- 
, ^cnt for the fioer commiaution of the food, at tb.*? pail of the moiitli "wIulIi is ni^arfist 
I tlie &uces^ 

In the tnsltii of the MmUid^n fft^rtuirm the outc r layer of t-ement is rolattvdy tMeker 
than in the tuftkB of the manmiotiij or in those of the Indian elephant- The fircneml 
chiiraL't^ar of the roicroacopio struetnro of the ivoiy of Xha tuastodoii'a tnsk is the sume 
a^ thiit of tliG elephant. 

By tJie mimitcnesa imd tlose luran^'cnicnt of the dentinal tnhcs, and cspceiallY by their 
atrongly niid^ilatjug secondary cnnres, a tongher and more elastie tissue ia pirodueed 
than results from their diapa.^ition in ordinaiy tlentinc; and the modifieation whit^h 
distinguishes '' iTory'* ia donbdeaa essential to the due degree of coheronee of so lai^ge a 
mass as the dr phont's tuak, prejf^cting ^o for from the supporting socket , and to he 
frequently applied in detihnjyj hiird blows and thmsta. 

VeeUiC^tlifr lHega±lMriii2ii.— Thenie;,^athmum {f^r.nKffa}f, ^mt; tkerion, beast) » 
m called from its eolo^^nl si s:l>— being na lai^ as the ele])hant, and even snrpaasiufr that 
hn^^t of exijjtini* c|uadmpeds in aonie of its proportions — was onec an inhubitant^ and 
apparently in some nnmhHrs, of the .iVxnerican eontinont, espet^ially its sonthem diiri- 
sion^ and aubaisted on ti i^iniilat kind of food to the elephants, riz., the enmEer branches 
and leflTea, of trees ; but all the genera and f^pecie*^ r>f megatherioid bt sists arc now 
extinct* Xeverthelessj from the foBsil remains of the Tac^^ithrrinm the imatomist h able 
imerrisgly to deduct* the nature of its fond and uiimy of its .pceviliar Imbita ; EUid al-Hi 
to bring to Hght a system of dentition, designed, like that of the elephantii, for the serviee 
of crushing and mastioating a eoan^e vegetable diet thjroughcnit a long-protracted indiyi- 
duol e^stence ; and yet, by a modification of the fopmativc proeossos and eeonomy of 
the teeth, quite diifcrcnt fron; tho8€ that have been Eidopbed for the same ends in the 
elephttnt tribe. 

In tJieae, as has hccn ahown, the snpply of a mastieating appaititu^j to &on'e the 
rdquirGmeuta of a gigontie animEil duiing one or perhaps two eentnries of existcoee, was 
provided by a suoceaaion of diphren^ molar teeth presenting the due compleadty of 
fitructnrc. In the megatberiuTji the same end was obtained by a perpetual growth of 
the Kami complex ini>lLir teeth— the dilForent dental subatunt'ea being formed at and 
added to the base of the toothy in propni'tion as tliey wen' gi'ound doivn at the <^osod 
summit. 

Tho true number of teeth was determined by a removal of the mineral anhetanees 
adhcrLng: to the sui'faee of a portion of a focfsil aknll of a mej^therium, brought by 
Mr. Charles Darwin from South America (Fossil Mammalia of the *' Yayago of the 
Beagle,^* 4tE>, 1840, p, 103). The aninial has not, as in the de^diant, any In^k^ : its 
teeth arc luolara or grinders cKelnaively j they are five in number on each ^ide of the 
upper jflWj and fom* on ©aeh ^ide of the lower jaw — eight^eeu in alL AH these teetli are 
remarkable for their jj^reat length in proportion to their breadth or thiekness, being 
from eight to ten inehet^ in length, and b tit ween two and three inehes only in breadths 
They are very deeply implanted in the jaw^, and the lower jaw has a quite pecnliar 
form, in order to aeqiiiro tlio requisite room fin* the lodgment of the lower teeth and 
their " matrioesj" or ibrmative organs. 

The nejEt peouliaiity U> be noticed In these remarkable teeth is the ^eat Icngtb of I 
the conical cavity at their base, for loilgmg the part of tlie matrix eaUed the ^' pnlp;" 
the apc3X of the pulp-aavity rising as far as the part of the tooth where it emergea fi?om 
the soaket^ A li'anEverse fisBure m continued £coxd. tbis apex tu ths middle coneavity of 
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th6 grinding suzfaee of the tooth, which is Urns diyided into two halves. Each of these 
halves consists of three distinct suhstanees — a central column of ^* vaso-dentine," a peri- 
pheral and nearly equally thick layer of " cement," and an intermediate thinner stratam 
of true or "hard dentine." This latter has heen described as being enamel ; but it is only 
analogous to that differently constituted and harder substance ia the compound teeth 
of the elephant, in regard to its relative situation, and its degree of density to the ol^er 
constituents of the tooth of the megatherium. 

No species of the order called "Bruta" or "Edentata," to which the extinct 
megatiierium belongs, has true enamel entering into the composition of its teeth ; but 
the modifications of structure which the teeth present in the different genera of this 
order are considerable, and their complexity is not less than that of the enamelled t^th 
of the herbivorous, ruminant, and other hoofed animals, in consequence of the intro- 
duction of a dental substance — the " vaso-dentine " — ^into their composition, analogous 
in structure to that of the teeth of the Myliobatea and other cartilaginous fishes. The 
cement of the megatherium's tooth differs from the Taso-dentine in the larger size and 
wider interspaces of its medullary canals, and by the presence of radiated bone-ceUs in 
their interspaces ; but they are brought into organic communication with each other, 
not only by means of the tubes of coarse dentine, but by occasional continuity of the 
vascular canals across that substance. The tooth of the megatherium thus offers an 
unequivocal example of a course of nutriment from the dentine to the cement, and reci- 
procally; so that the main substance or body of the tooth can obtain the requisite supply 
for its languid vitality from the vessels of the capsule as well as from those of the pulp. 

The conical cavity at the base of the tooth attests the large size, and demonstrates 
the form of the persistent pulp in the Irving megatherium : the diameter of its base is 
equal to the part of the tooth which is formed by the combined dentine and vaso- 
dentine. From the gradual thinning off and final disappearance of those substances as 
they reach the base of the tooth, it may be inferred that both were formed at the 
expense of the pulp. The fine dentinal tubes must have been established and calcified 
in the peripheral layer of the pulp, which layer must have been whoUy so converted 
into the dentine ; but as the deposition of the hardening salts proceeded in the rest of 
the pulp, certain tracts of that soft and vascular substance were left uncalcified, to form 
the medullary or vascular canals which characterize the vaso-dentine. The space 
between the inserted base of the tooth and the walls of the socket indicates the thick- 
ness of the dental capsule, by the ossification of which the exterior layer of cement was 
formed ; and this modification of the tooth-forming organ in the megatherium permitted 
the progressive addition of cement, as the persistence of the compound pulp occasioned 
the uninterrupted and continuous formation of the harder dentine, which is analogous 
to the enamel in the elephant's grinder. 

In all essential characters itiie teeth of the megatheriimi repeat, on a magnified 
scale, the dental peculiarities of the sloth ; and since, from a similarity of the form, 
number, kinds, and structure of teeth, a similarity of food is to be inferred, it may be 
concluded that the leaves and soft succulent sprouts of trees formed the staple diet of 
the megatherium, and of the cognate and contemporary megalonyx and mylodon, as of 
the existing sloths. The enormous claws of those great extinct sloth-like quadrupeds, 
to judge by the fossorial (digging and scratching) character of the powerfril mechanism 
of the limbs that worked them, were employed, not, as in the sloths, to carry the animal 
to its food, but to bring the food within the reach of the animal, by uprooting the trees 
on which it grew. 
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In the rcmflins of the megathorium we have evidDnco of the ijatncwork of a 
rjuadnip^d aqyt^l to the task of undennming and tpuring do^i-n tho largest trees in a 
tfopiL^l forest. In the latter operation it is obvious that the mimediate application of 
the anterior cxtreaiitiea to the trunk of the tree would domand a corresponding fulerum 
to be effeetnal ; and it ia the necessity for an adeq^n&te basis of enpport and Touiataneje 
to such an application of the fore-estremities which ^ires the explanation of the 
fict^mingly anomalons devMopmcnt of the pelvia, tmJ, and hinder extreraiticd of the 
megfttherinin and its extinct allies, Ko wonder^ thoroforey that tbcir type of atmetur£} 
should he so p&eidiar ; for where shall wq hot find quadrupeds eqnal, llkt> them, to the 
hahitiial taak of uprootiag troea for food ! 

Teeth of the AnoplotheximiLi— Of the trtini^t qimdmpcdB with heo^^ and 
which were con&equently herbivorous, the ap^ciea reatoi'ed by Cuvier from fossil 
remains diseovered in the c[uarriea at MontmartrCj near Paria, was one of the most 
ancient. The great comparative anatomist called it mt&phiJiermmj from tho Greek 
words isignifyin(E^ ** woaponlefle," heeanae it had neither homa nor tusk^. It was, how- 
CTer^ charactmijed by the most complete gjatem of dentition ; for it not only posscsaed 
ineii^ora and canines in both jawa, but these were bo equably dovelop^^d that tkey formed 
one unbroken aeries with the premolars and molars^ which character U now fonad only 

In the human apeeie^. 

3—3 i_i 4_^ 
The dental formula of the ^cdxls An^plotli^rium h (expressed by — i- — z, c i — i*^~j~1 

3 3 

- — - ^= 44j signifying that it bad, on ea£jh side of both upper and lower jaws, three 

inciftors, one canine, four premolai^, and threes true molars \ in aH, forty *four tee^ 

Those teeth which are tranaitorily manifeated in the embryo state of aomo mminimts, 
as the upper incisors and canines and the anterior preniolaraj p 1, were in the ancient 
anoplothorc retained and raised to a proi>ortional equality of ai£;e and function with the 
rest of the teeth* The true molars had a broad ^nding flurfacCj with enamel-eorered 
cref^centie lohes, remotely resembling thase of the existing niminanta. In some of the 
smaller species of (mopioth&riutn the ruminant type of grinding aujface was more closely 
adhered to, and the foml lower jawa of auch speciea, as e.^, of the IhflhGbt4fje fifi*vmum 
have been niiataken for tboae of a ruminantj and have been rcforrod to tho genus 
Mosrhm. One of these interesting transitional extinct quadrupeda^ deacrihed in the 
*^ Geological Journal,'" fox 1847, under the name of Dk'hGdim^ had forty-four teetb in 
one unintermpted aeries, and of the aame kinds, as in the anoplothere ; but tho teeth, 
there marked p 4, find m 1^ upper jaw, I have aseertained to be " milk*teeth." 

Teeth of RiunuUPitS* — The even-toed or artiodactyle Zftiffttlata superadd tho 
characters of simplified form and diminished aize to the more important and constant one 
of vertieal succession in their premolar teeth. These t<Jetbi, in the ruminants, represent 
only the moiety of the ti-ue molars, or one of the two semi-cylindrical lebe.^ of which 
those teeth consist, with at most a rudiment of ibe second lohe. An analogous 
moTphological character of the premolars will he found to dlstingnish them in tho den- 
tition of the genus Sits (Fig. 25, ;j 2, p 3, p 4), ia the hippopotamus and in the pJmc^ 
commit or wart-hog^ where the premolar series is greatly reduced in number : yet tbU 
inatancc of a natural affinity, manifoated in so many other parts of the organization of 
the artiodactyle genera, has been overlooked in F. Cnyier^s work above cited, although 
it IB ejqyresily designed to show how such xoological relations are lUus^ted by the 
teeth. 
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Most of the deciduous teeth of the ruminants resemble in form the true molars ; the 
kst, e. g.y has three lobes in the lower jaw like the last true molar. When, therefore, 
the third grinder of the lower jaw of any new or rare ruminant shows three loVeoi, the 
crowns of the premolars should be sought for in the substance of the jaw below these, 
and above their opponents in the upper jaw ; and thus the true characters of the per- 
manent dentition may be ascertained. 

The deciduous molars are three in number on each side, and, being succeeded by as 

q q q o 

many premolars, the ordinary permanent molar formula is p r — -, m ^ — - : but there 

is a rudiment of an anterior milk-molar, <? 1, in the embryo fallow-deer, and in one of 
the most ancient of the extinct ruminants {dorcatherium, Kaup) the normal number 
of premolars was fully developed. 

The molar series of all the Diphyodonts is naturally divisible into only two groups, 

premolars and molars ; the typical number of these is — , — ; and each individual 
• 4—4 o—o 

tooth may be determined and symbolized throughout the series, as is shown in the 

instances under Cut 25. 

Seal Tiibe. — {Fhoci'dte). — There is a tendency to deviate from the ferine number 

of the incisors in the most aquatic and piscivorous of the Musteline quadrupeds, 

viz., the sea-otter {enhydra)^ in which species the two middle incisors of the lower 

jaw are not developed in the permanent dentition. In the family of true seals, the 

incisive formula is further reduced, in some species even to zero in the lower jaw, 

q q 

and it never exceeds - — -. 'All the phocida possess powerful canines ; only in the 

aberrant walrus are they absent in the lower jaw ; but this is compensated by the sin- 
gular excess of development which they manifest in the upper jaw (Fig. 18) . In the pinni- 
grade, as in the plantigrade, family of carnivores, we find the teeth which correspond to 
true molars more numerous than in the digitigrade species, and even occasionally rising 
to the typical number, three on each side ; but this, in the seals, is manifested in the 
upper, and not, as in the bears, in the lower jaw. The entire molar series usually 
includes five, rarely six teeHi on each side of the upper jaw, and five on each side of 
the lower jaw, with crowns, which vary little in size or form in the same individual ; 
they are supported in some genera, as the eared seals {ptaria), and elephant seals {cystO' 
phora), by a single fang ; in other genera by two fangs, which are usually connate in 
first or second teeth ; the fang or fangs of both incisors, canines and molars, are always 
remarkable for their thickness, which commonly surpasses the longest diameter of the 
crown. The crowns are most commonly compressed, conical, more or less x>ointed ; 
in a few of the largest species they are simple and obtuse, and particularly so in 
the walrus, in which the molar teeth are reduced to a smaller number than in the true 
seals. In these the line of demarcation between the true and false molars is very 
iadefinitely indicated by characters of form or position ; but, according to the instances 
in which a deciduous dentition has been observed, the first three permanent molars in 
both jaws succeed and displace the same number of milk molars, and are consequently 
pretnolars; occasionally, in the seals with two-rooted molars, the more simple character 
of the premolar teeth is manifested by their fangs being connate, and in the Stenor- 
hynehus serrid^ns the more complex character of the true molars is manifested in the 
crown. In the Stenorhynchua Uptonyx each molar tooth in both jaws is trilobed, the ante- 
rior and posterior accessory curving towards the principal one, which is bent slightly 
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backwards; all the divisions are sharp-pointed, and the crown of each molar thus 
resembles the trident or fishing-spear ; the two fangs of the first molar in both jaws are 
connate. Iq the Stenorhynehus serndens the three anterior molars on each side of both 
jaws are four-lobcd, there being one anterior and two posterior accessory lobes ; the 
remaining posterior molars (true molars) are five-lobed, the principal cusp having one 
small lobe in front, and three developed from its posterior margin ; the summits of the 
lobes are obtuse, and the posterior ones are recurved like the principal lobe. Sometimes 
the third molar below has three instead of two posterior accessory lobes. Occasionally, 
also, the second, as well as the first molar above, has its fangs connate : but the essen- 
tially duplex nature of the seemingly single fang, which is unfailingly manifested within 
by the double pulp-cavity, is always outwardly indicated by the median longitudinal 
opposite indentations of the implanted base. 

Teeth of Quadmxsiana. — The chief aim of comparative anatomy being the 
better comprehension of the structure of man, we shall finally describe those modifica- 
tions of the dental system which throw more immediate light on the nature . of the 
teeth in the human subject, and which arc mot with, as might be expected, in the order 
{Qmdrumana) of mamnuiUa that maltes the nearest approach to that represented by the 
genus Jiomo. 

Through a considerable part of the quadnimanous series, e.g., in all the apes, and 
monkeys of the Old "World, in all the genera indeed which are above the lemurs (cat- 
mcmkeys and slow monkeys) of Madagascar, the same number and kinds of teeth are 
present as in man ; the first deviation being the disproportionate size of the canines 
and the concomitant break or " diastema" in the dental series for the reception 
of their crowns when the mouth is shut. This is manifested in both the chim- 
panzees and orangs, together with a sexual difference in the proportions of the canine 
teeth. 

In that large ape of tropical Africa, called the " gorilla" {Troglodytes gorilla), which 
in some important particulars more resembles man than does the smaller kind of chim- 
panzee {Troglodytes niger), the dentition seems to approach nearer to the carnivorous 
type, at least in the full-grown male (see Fig. 50, p. 261). It is nevertheless strictly 
quadrumanous in its essential characters, as in the broad, flat, tuberculate grinding 
surfaces of the molar teeth ; but in the minor particulars in which it differs from the 
dentition of the orang, it approaches nearer the human type. In the upper jaw the middle 
incisors are smaller, the lateral ones larger than those of the orang ; they are thus more 
nearly equal to each other ; nevertheless the proportional superiority of the middle pair 
is much greater than in man, and the proportional size of the four incisors both to the 
entire skull and to the other teeth is greater. Each incisor has a prominent posterior 
basal ridge, and the outer angle of the lateral incisors, i 2, is rounded off as in the 
orang. The incisors incline forwards from the vertical line as much as in the great 
orang. The characteristics of the human incisors are, in addition to their true incisive 
wcdge-likc form, their near equality of size, their vertical or nearly, veiiical position, 
and small relative size to the other teeth and to the entire skull. The diastema, between 
the incisors and the canine on each side, is as well marked in the male chimpanzee as 
in the male orang. The crown of the canine {ib.), c, passing outside the interspace 
between the lower canine and premolar, extends, in the male Troglodytes gorilla, a little 
below the alveolar border of the imder jaw when the mouth is shut : the canines in 
both jaws are twice the size of those teeth in the female gorilla. 

Both premolars are bicuspid ; the outer cusp of the first and the inner cusp of the 
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second being the largest, and the first premolar consequently appearing the largest on 
an external view. The anterior external angle of the first premolar is not produced as 
in the orang, which in this respect makes a marked approach to the lower quadrmnana. 
In man, where the outer curve of the premolar part of the dental series is greater than 
the inner one, the outer cusps of both premolars are the largest ; the alternating supe- 
riority of size in the champanzee accords with the straight line which the canine and 
premolars form with the true molars. 

The three true molars are quadricuspid, relatively larger in comparison with the 
bicuspids than in the orang. In the first and second molars of both species of 
chimpanzee a low ridge connects the antero-intomal with the postcro-cxtemal cusp, 
crossing the crown obliquely, as in man. There is a feeble indication of the same ridge 
in the unworn molars of the orang ; but the four principal cusps are much less distinct, 
and the whole grinding surface is flatter and more wrinkled than in the chimpanzee. 
The repetition of the strong sigmoid curves, which the unworn prominences of the 
first and second true molars present in man, is a very significant indication of the near 
affinity of the gorilla and the chimpanzee, as compared with the approach made by the 
orangs or any of the inferior quadrumana, in which the four cusps of the true molars 
rise distinct and independently of each other. The premolars as wcU as molars are 
severally implanted by one internal and two external fangs, diverging, but curving 
towards each other at their ends as if grasping the substance of the jaw. In no variety 
of the human species are the premolars normally implanted by three fangs ; at most 
the root is bifid, and the outer and inner divisions of the root are commonly connate. 
It is only in the black varieties, and more particularly that race inhabiting Australia, 
that I have foimd the wisdom tooth, or last true molar, with three fangs as a general 
rule ; and the two outer ones are more or less confluent. 

The molar series in both species of chimpanzee forms a straight line, with a slight 
tendency in the upper jaw to bend in the opposite direction to the well-marked curve 
which the same series describes in the human subject. This difference of arrange- 
ment, with the more complex implantation of the premolars, the proportionally larger 
size of the incisors as compared with the molars ; the still greater relative magnitude 
of the canines ; and, above all, the sexual distinction in that respect illustrated by the 
skull of the full-grown male gorilla (Fig. 50, p. 261), stamp the chimpanzees most 
decisively with not merely specific but generic distinctive characters as compared with 
man. For the teeth are fashioned in their shape and proportions in the dark 
recesses of their dosed formative alveoli, and do not come into tl^ e sphere of operation 
of external modifying causes, until the fuU size of the crowns has been acquired. 
The formidable natural weapons, with which the Creator has armed the powerful 
males of both species of chimpanzee, form the compensation for the want of that 
psychical capacity to forge destructive instruments which has been reserved as the 
exclusive prerogative of man. Both chimpanzees and orangs differ from the human 
subject in the order of the development of the permanent series of teeth ; the second 
molar, m 2, comes into place before either of the premolars has cut the gum, and the 
last molar, m 3, is acquired before the canine. We may weU suppose that the larger 
grinders are earlier required by the frugivorous chimpanzees and orangs than by the 
higher organized omnivorous species with more numerous and varied resources, and 
probably one main condition of the earlier development of the canines and premolars in 
man may be their smaller relative size. 

In the South American quadrumana the niraiber of teeth is increa.sed to thirty-six. 
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by an addition of que tootb. to the molar aeries on each aide of botli jaird. It might he 
utinduded, itprhri^ that a.^ three is the typical number of true molars in the placental 
lammnmlin with two acta of tocth^ the additional tooth in tho eeitin^ would be a premolar, 
and foiin one Et<i\i to the resumptwrn of the normal nimibcT (four) of that kind of teeth. 
Thii proof of the at curacy of this infertsnoe is given by the state of iHe dentition, in any 
young epider-monkcy {At^hs)^ or Capuein-moukc^y {Ccb^ts), which may enrreapond with 
that of the human child in Fig. 26, L e,j where the whole of the dccidiioiiB dentition is 
retained, togetlicT with, lip first true molar (^ 1) on ^eh aide of both jawa. If tlio 
germ 3 of the other teeth of the pcrmajicnt scricB be eicposed in the upper Jaw (as in 
Fig. 26)| the crown of a prt^molar will be found above the third molar in placep as well 
f4S above the second and fir&t* Afl regards number, therefore, the molar series, in the South 
American monkeys {MyceUsy Ataks^ Ccl'us)^ is intermediate between that of the genus 
Musteht and of FeUs C^'ig- 17) J the little premolar, pt\ In MusMa^ shows plainly enougli 
^•hich of the four is wanting to complete the typical number in the South American 
monkey, and which is the additional premolar distinguishing its dental ibrmula fFom 
that of the Old World monkeys and man. 

Zoologists have rightly stated, as a m atter of faetj that the little marmo&et monkeys 
[Rapakf Ouistiti) *^havo only the same number of teeti as the monkeys of the Old 

World— vii?*7 32, < -, e .—=, m ■= — ^" But the difference is muc-h greater than this 
4 1 — I a — o 

numerical conformity would intimate. In a young Jacchus p^nwiliatus^ i find that ilicrc 

urt^ three deciduous molars displaced by three premolam, as in the other South AraeTie^in 

quadrumana, and that it is tlie last true molar^ m 3, the development of which ia 

suppressed, not the promtjlar, p % and thxiB these diminutive squirrel -like monkeys 

actually dlffbr from the Old World forma more than the Cehidm do ; *'. *?., they differ not 

ffniy in having four teeth (p 2 :j — r), which the monkeys of the Did T\'orld do not 

possess, but alao by wanting four teeth (m 3 _ — =), which those monkeys, as well as 

the Cebida-f actually have. It is thus that the investigation of the exact homologies of 
parta leads to a recognition of the true characters indicative of zoological affinity. 



3 3 3 3 

Host of the L^miirinm have p -- — ^ m r — -, together with rcmailrahle modificationfi 

a — ej *> — -O 

of thoir inoisiTO and eanino teeth, of which on extreme example is ahown in the pecti- 
nated tooth of the ffaieopUheeti9. The inferior incisors slope forwards in all, and Uifi 
canines aiso, which are contiguoiis to them, and very similar in shape. 

In the hoofed quadrupeds with toes in uneven number {perk!^fid(tct^Iit\ whose 
premolars, for the most part, repeat b(^th the form and the complex stnictiiro of the true 
molars, such premolars are distmguiehed by the some character of development as 
tlioae of the aHiodactyls^ or ungulates, with toes in even number ; although here the 
premolars are distinguighed also by modifications of size and shape. Hie complex 
ridged and tubereulate crowns of the second, third, and fourth grinders of the rhino- 
cei*os, hyrax, and horso, no more prove them to be true molars than the trenchant shape 
of the lower earnassials of the lion proves them to be false molars. It is by develop- 
ment alone tliat the primary division of the aeries of grinding teeth can be eatabliahed, 
and by that character only can the homologies of each individual tooth be doterminedj 
"""^ >ts proper symbol applied to it. 

°*ig* 20, the three posterior teeth of the almost nniform grinding scriea of liie 
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horse's dentition are thus proved to be the only ones entitled to the name of ^* true 
molars ;" and, if any one should doubt the certainty of the rule of counting, by 
which the s3nnbol8, p 4,/? 3, and^? 2, are applied to the three large anterior grind- 
ing teeth {ib.)j which arc commonly the only premolars present in each lateral series 
of the horse's jaws, yet the occasional retention of the diminutiTe tooth (p 1), would 
establish its accuracy, whether such tooth be regarded as the first of the deciduous 
series imusuaUy long retained, or the unusually small and speedily lost successor (pi) 
of an abortive {d 1). 

The law of development, so beautiful for its instructivencss and constancy in the 
placental diphi/odonts, is well illustrated in the little hyrax, in which the rf 1 is normally 
developed and ^cceeded by a permanent, p 1, differing from the rest only by a graduated 
inferiority of size, which, in regard to the last premolar, ceases to be a distinction between 
it and the first true molar. 

The elephant, which by its digital characters belongs to the odd-toed, or perisso- 
dactyle, group of pachyderms, also resembles them in the close agreement in form and 
structure of the grinding teeth representing the premolars, with those that answer to 
the ^true molars of the hyrax, tapir, and rhinoceros. The gigantic proboscidian 
pachyderms of Asia and Africa present, however, so many peculiarities of structiuro as 
to have led to their beiag located in a particular family in the Systcmatid Mammalogies. 
And this seems to be justified by no character more than by the singular seeming 
exception which they present to the diphyodont rule which governs the dentition of 
other hoofed quadrupeds. In fact, the elephant, like the dugong, sheds and replaces 
vertically only its incisors, which are also two in number, very long, and of con- 
stant growth, forming tusks, with an analogous sexual difference in this respect 
in the female of the Asiatic species. The molars, also, are successively lost, are 
not vertically replaced, and are reduced finally to one on each side of both jawn, 
which is larger than any of its predecessors. Those analogies are interesting and 
suggestive in connection with the other approximations in the " Sircnia" to the; 
pachydermal type. 

In the mammalian orders with two sets of teeth, these organs acquire fixed indivi- 
dual characters, receive special denominations, and can be determined from species to 
species. This individualization of the teeth is eminently significative of the high 
grade of organization of the animals manifesting it. Originally, indeed, the name 
"incisors," "laniaries" or "canines," and "molars" were given to the teeth, in 
man and certain mammals, as in reptiles, in reference merely to the shape and 
offices so indicated; but they are now used as arbitrary signs, in a more fixed 
and determinate sense. In some camivora, e. ^., the front teeth have broad 
tubcrculate summits, adapted for nipping and bruising, while the principal back 
teeth are shaped for cutting, and work upon each other like the blades of scissors. 
The fit)nt teeth in the elephant project from the upper jaw, in the form, size, 
and direction of long pointed horns. In short, shape and size are the least 
constant of dental characters in the mammalia; and the homologous toeth arc 
determined, like other parts, by their relative position, by their connections, and by 
their development. 

Those teeth which are implanted in the premaxillary bones, and in the corresponding 
part of the lower jaw, are called " incisors," whatever be their shape or size. The tooth 
in the maxillary bone, which is situated at, or near to, the suture with the premaxillary, 
is the " canine," as is also that tooth in the lower jaw which, in opposing it, passes in 



front of ita thrown whm the moutli is da«ad. ITic other teotii of tlie tlrst eet are t^c 
'* dt'cicluotta molai'ri ; " the teeth whicii displace and suecced thctu vertically ore tiie 
"^ pr^iQoiarB ; *' the mora poHtcrior teuth, wMdi njie nfit dLa[il];ii;L*d by yorli^ moooti&Ot^^ 
ai'L tht.! ** molars" pjrjptn'ly m caBcd. 

Tho hug 3^ on;.' uf the few tmBting q^uadrttpeds which rclniti thf^ typicsl intiaha* ami 
kimlft of teeth. 

Fignru 25, part of the lower jaw of a youu)? hog, iBuitmti?a the plicnomena of 
development which distinguishes tho premolars from tho moltti's. The first pruuuilor, 
p If and the ^'st molar, m I, on? la place aiid use, together with the thro^ dudduoius 
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Fig. 2a. 
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nKikra, ^ 2^ ef il^ and d i , tho ^et'O^nd mgikr, m 2, hus jn^t bi^gim to ciit the ^m | p 2, 
j» Df find p it together with m 3, ore more oi lass inoamplctei iLnd co&cealed in thmr 

it?d nlveolL 

llio prt molars nitist displace dcLldnons molars in order to rise intu plaoe ; thie niulars! 
iiftve no ^uch rdatiuus. It will ha observed that the last di^iduuiia molar, d 4, has the 
BUMc rtlative anporioritr of slko ta d2 and ii 2 which ifi 3 hears to ji* 2 and pi 1 ; and 
the d^owna of jj 3 and jj 4 aie of a mo^c simple fyrm than tho«e cf the milk-teeth whidi 
they arc destined to stieeeed* 

The germ of the ptTmaiitjnt eaiuno baa imt yet appcorij^d helow tJxc ilec kluoi^ ono, e ; 
those of the pemianent ineisQi^^ > 1, 1 2, j 3, are seen rnidy to push out the doeiduous 
IrtL'isora d 1, dtl, d3. Whtm the whole of the gei^oud set of tcctb k in place, its nature 

3_3 i_i 4_4 3_3 
in indicated by the fonuula :— i ^— r:» cfT^-rii*:; — 7, wi ;;-^ ^ 41 r whkh siffniflcs that 

there are^ on eiwh side of both upper and lowt^r jaws, tlu-eo intiiorfi, one cauiiie, ^iiar 
premol^ii's. and tlxree molnr% maMng in all iorty-fbiu' tc^th ; cfleh di.^tingiLiahi»d by thv 
ayinbol marltcd in the cut. 

When tlie pveniolaj^ and the molars arc lielow tlitiii- typical uiimhert the abscmt 
teeth are missing from the fore paH of the prt^molar ^ries, and irom the back part of 
the molar series* Tho most constant teeth are the fouilh premoloi- and the first true 
molar ; and, these being known by their order and mode of development, the bomf»- 
Ujgiefl of the remaining moloi'^ and premolors are determined by eounting the mohui« 
from before baekwardi, f,^.» " one/* '* two/* *^ throe," and the prcmolarii from hi^hmd 
forwards, "foor," **thrtior "two," '*one/' 
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Exiimpk^a of the? typirnl dentition art* cxPPpHtjns m tJip artiirtl croation ; but it was 
tho rule in the fonus of mammalia first introduced into this ploiict ; and ttat, too, 
T^'liL'thtr Hit} terfli wcro modifiDd for ammal or ycgi^tabltJ food. 

Vfiih. regard to tho hnman dentition, thf diacoTcry by the gi-tat poet Goethe of to 
lindta of the prcmuxilliiry bone in man, lends to the determination of the indsor?, whieh 

are rpdnced to two on eaeh ildc 
of both jjiwa ; the centignoiia 
tooth showE by its, sheipef as wiill 
us poffiition, that it is the eaiiitio, 
and the eharaefeora of ti^c and 
ahap^^ have also aerycd to divide 
the remaining five teeth in each 
IjLtei'iiil ,iDri€s into two bieuepida 
and th^t^e molai*&. In this in* 
stanee the sccundary eharaclera 
tTtnforni with the o^tSL^iktial oncyi- 
Ikit ijince we Imve aeen t>f how 
Utile Talue shape or &lzc ar^ 
in the order eamivora, in the 
doternunaticm of the c^tai't ho- 
molo^ries of tlic tcoth, it h rialis- 
factory to tnow that the niote 
eon^taut niid. importuut ehurac- 
ter tpf diTelopment gi\G:i the 
retjuiaitc e(?rtitude ae to tlio na- 
ture of the Bo-caHtd bitaj^^pid^ 
in the human subjoet. In Fig, 
2fi^ the eoudition of the tecrth ia 
fihowo in the jaws of a child of 
abotit ^is. yeai"a. of a^\ The two 
ineii^urii on each aide, rf, i\ are fal- 
lowed by a eanine, r, and this by tJiree molar timtli like those of the adidt; in 
laet, the iaat of the three, m^ is the fir^t of tiiL^ permanLiil tnolavfl ; it has pusbctl 
thniugh the gum, like the two molars whieli art-' in udiimee of it, without dis- 
placing any previous tootli, and the Hiihstance of the jaw eontains no geiTU of any 
tooth destined to dii^placc it- it is, therefore, }}j Qna chamett^ of its dt^velopmcilt, 
a true molar, and the germs of the permanent teetli, wMeh are exposed in the 
Huh&tant;.e of Xhf jaw, between tlie diverging fangs of the molars, d 3 and d 4, prove 
those molars to be temporary ^ destined lo be roplaeed, and proTiJ also that the teeth 
about to di^plate them are premolars. According^ thereforti to the rule pre™naly laid 
down, we eount the ptT«iauent molar In place a& the fii"st of ita seriM, m 1^ and the 
a^oiniug pfemolar as the hist of its scries, and eon^^iuMtly the fourth of the typieol 
dentitioD| or p 4. 

We are thy a enabled, with the same ^eiLiitifie certainty as that wliereby we recog- | 
nise in the middle* toe of the foot the homologiie of that gn^at digit which forms the I 
whole foot and ia incased by the hoof of the horac, to point to p 4, or the second 
hlcuspid in the upper jaw, and to wi I, or the first molar in the lower jaw, of maiii a» i 
the homologiies of the great cama&sial, or flesh- cutting, teeth of the lion (Fig. 17) ^ We ' 
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also conclude that the teeth which arc wanting in man to complete the typical molar scries 
are the first and second premolars, the homologucs of those marked j9 1, and^ 2, in the hog. 
The characteristic shortening of the maxillary hones required this diminution of thie 
number of their teeth, as well as their size, and of the canines more especially ; and the 
still greater curtailment of the premaxillary bone is attended with a diminished number, 
and an altered position of the incisors. 

The homologous teeth being thus determinable, they may be severally signified by 
a symbol as well as by a name. The incisors, e. ^., arc here represented by their ini- 
tial letter, t, and individually by an added number, i 1, i 2, and t 3 ; the canines by 
the letter, c; the premolars by the letter,^; and the molars by the letter, «»; these 
also being differentiated by added numerals. Thus the number of these teeth, on each 
side of both jaws, in any given species— man, e. y.— may be expressed by the following 

2 2 1 1 2 2 3 3 

brief formula : — 1 1,3^, c t^^, P «rZoi «* « — » :=32 ; and the homologies of the t3rpical 

formula may be signified by 1 1, » 2 ; c; p Z,p 4; m 1, m 2, w 3 ; the suppressed teeth 
being i 3, p 1, and j? 2. 

These symbols, it is hoped, are so plain and simple as to have formed no obstacle 
to the full and easy comprehension of the facts explained by means of them. 
If these facts, in the manifold diversities of mammalian dentition, were to be 
described in the ordinary way, by means of verbal phrases or definitions of the- 
teeth — e.ff., "the second deciduous molar, representing the fourth in the typical 
dentition," instead of d 4, and so on — the description would occupy much space, and 
would levy such a tax upon the attention and memory as must tend to enfeeble the 
judgment, and impair the power of seizing and appreciating the results of the com- 
parisons. 

Each year's experience strengthens my conviction that the rapid and success- 
ful progress of the knowledge of animal structures, and of the generalizations dedu- 
cible therefrom, will be mainly influenced by the determination of the nature 
or homology of the parts, and by the concomitant power of condensing the pro- 
positions relating to them, and of attaching to them signs or symbols equivalent to 
their single substantive names. In my work on the "Archetype of the Skeleton," 
I have denoted most of the bones by simple numerals, which, if generally adopted, 
might take the place of names ; and all the propositions respecting the centrum of the 
occipital vertebra might be predicated of the figure " 1" as intelligibly as of " basi- 
occipital.'* 

The symbols of the teeth are fewer, are easily understood and remembered, render 
unnecessary the endless repetition of the verbal definitions of the parts, harmonize 
conflicting synonyms, serve as a universal language, and exj)ress the author's meaning 
in the fewest and clearest terms. The entomologist has long found the advantage of 
such signs as (^ and 9) signifying male and female, and the like ; and it is time that 
the anatomist should avail himself of this powerful instrument of thought, instruction, 
and discovery, from which the chemist, the astronomer, and the mathematician have 
obtained such important results. 
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